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LEARNING NUMERICAL AND EMOTIONAL ASSOCIATIONS IN AN UNCERTAIN WORLD
The ability to learn about the relation or covariation between events happening in the
world is probably the most critical aspect of human cognition. This dissertation examines
how the human mind learns numerical and emotional relations and explores consequences
for managerial and consumer decision making. 
First, we study how uncertainty in the environment affects covariation learning and
explore the consequences for consumers’ price-quality inferences and product valuation.
Second, we examine how different types of accountability (process versus outcome) and
analytical intelligence affect learning and judgment. We highlight the implications for
employee performance management. Third, building on associative models of memory, we
show that bilingual consumers perceive advertising messages in their native language (L1)
to be more emotionally intense than advertising messages in their second language (L2).
Finally, we explore the consequences of a greater perceived emotionality in L1 for
international marketing research.
The practical implications of this dissertation are of interest for professionals working
in the area of pricing, branding, marketing research, and human resources. From a
theoretical point of view, this dissertation relates to the fields of judgment and decision
making under uncertainty and cognitive psychology.
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Chapter 1. Introduction  
 
Probably the most fundamental building block of human cognition is the ability to 
detect and learn systematic associations between variables, between cues an outcomes. 
For instance, a product manager may learn through experience that there is an 
association between specific features of an advertisement (e.g., celebrity endorsement) 
and the effectiveness of the advertisement. Or, after repeated purchase-and-
consumption episodes in the marketplace, a consumer may learn that there is an 
association between selling price and product quality. The accurate assessment of cue-
outcome associations in the environment is a key tool of human cognition because it 
allows us to explain the past, control the present, and predict the future (Crocker 1981).  
Besides short introductory and concluding chapters, this dissertation consists 
of four chapters, each related to different aspects of consumer and managerial 
learning. Each chapter is based on an article that is either under review, forthcoming, 
or published in academic journals in marketing and psychology. In the sections below, 
I briefly introduce each chapter and indicate how they are related. 
Chapter 2  
Observations are typically understood as a function of a systematic and a random 
component. For example, variation in stock prices can be decomposed in a part that 
can be explained based on systematic effects, such as company-specific (e.g., sales, 
profitability, profit margin) and other (e.g., political stability, competition) indicators 
(i.e., the systematic component) and a part that is left unexplained by these variables 
(i.e. the random component). Cognitive scientists studying how human beings learn 
cue-outcome associations have predominantly focused on the systematic component. 
Classic findings include that positive functions are easier to detect than negative 
functions (Brehmer 1974) and that linear patterns are easier to detect than nonlinear 
patterns (DeLosh, Busemeyer, and McDaniel 1997). In contrast, the random component 
has been the object of only a limited body of research, mostly focused on how the 
overall amount of randomness influences function learning or covariation assessment 
(Hagafors and Brehmer 1983). A standard assumption made in this stream of research 
is that randomness in the world is homoscedastic (i.e., unexplained variation in the 
outcome is constant over the whole range of the cue). However, because many (if not 
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most) cue-outcome relationships show obvious patterns of heteroscedasticity, it is hard 
to maintain this assumption of homoscedastic randomness. This raises the question of 
whether covariation assessment and cue-outcome inferences are systematically 
affected by whether uncertainty is homoscedastic versus heteroscedastic. Chapter 2 is 
the first piece of research addressing this issue. 
Chapter 3 
Human beings are not created equal nor do they act and learn in a social vacuum. That 
is, there are huge inter-individual differences in individuals’ predispositions (e.g., in 
terms of intelligence and thinking style) and in the characteristics of the social 
environment in which individuals operate (e.g., different types of accountability). Both 
characteristics of the decision maker and the social context may have a strong 
influence on the learning process and the resulting quality of judgments (Payne, 
Bettman, and Johnson 1993). In Chapter 3 of this dissertation, I examine how process 
versus outcome accountability affects cue-outcome learning. Individuals are held 
accountable whenever their performance is monitored and/or evaluated. Process 
accountability focuses on the justification of the process used to arrive at a judgment or 
decision. Outcome accountability focuses solely on the quality of the decision or the 
accuracy of a judgment. Academic findings suggest that to maximize judgment 
quality, process accountability is consistently more desirable and uniformly superior 
to outcome accountability (e.g., Brtek and Motowidlo 2002; Siegel-Jacobs & Yates 1996; 
Simonson and Staw 1992). The current research challenges the view that it is always 
better to hold decision makers accountable for their decision process rather than their 
decision outcomes. I show that the effects of process and outcome accountability on 
judgment quality depend on (1) the characteristics of the functional relationships that 
need to be learned and (2) on individuals’ cognitive predispositions.  
Chapter 4 
Whereas Chapters 2 and 3 examine how people detect and learn abstract statistical 
relationships, Chapter 4 focuses on the more substantive area of language learning. 
Young children must learn the semantic meaning of words by detecting systematic 
associations between lexical representations (i.e., initially meaningless words or letter 
strings) and the objects and events they refer to in the world. Likewise, the emotional 
connotation and intensity of words is determined by using and hearing words 
repeatedly in different contexts. As a consequence of globalization, consumers around 
the world learn to understand and speak multiple languages. This raises the question 
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of whether there are systematic differences in the perceived emotional intensity of 
people’s native versus their second language. Chapter 4 presents five studies showing 
that advertising messages in consumers’ native language tend to be more emotionally 
intense than when they are presented in consumers’ second language. To explain this 
finding, a language-specific episodic trace theory of language emotionality is 
introduced. This theory is rooted in associative learning models of human cognition. 
Chapter 5 
Chapter 5 builds on the finding that words in one’s native language are perceived to 
be more emotionally intense than words in one’s second language (see Chapter 4). 
Aspects of globalization such as the growth of the Internet, the cosmopolitanism of 
large cities, and cross-national trade imply that, relative to a few decades ago, a much 
larger share of marketing research data is now collected from multilingual or 
multicultural respondents. It is common for marketing researchers to collect data from 
respondents who are not native speakers of the language in which the questions are 
formulated, typically English. For instance, consumers around the world often provide 
online customer ratings for products and services (e.g., CDs, books, hotels, etc.) using 
anchors such as “love”, hate”, or “happy”. Other examples include opinion polls of 
ethnic minorities and internal surveys in multinationals. This raises the question of 
whether responses to emotional items are systematically affected by whether the rating 
scale on which responses are provided is presented in a respondent’s native versus 
second language. This chapter documents the Anchor Contraction Effect (ACE), which 
is the systematic tendency among bilingual respondents to report more intense 
emotions when answering questions using rating scales in their second language. In 
other words, consumers are more likely to say that they love or hate a product or 
movie when they are asked the question in their second language than when they are 
asked in their native language. Because of its more substantive focus, the last chapter 
of this dissertation is somewhat different from the earlier chapters. 
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Chapter 2. The Effect of Homoscedastic versus 
Heteroscedastic Uncertainty on Cue-Outcome 
Learning 
 
Dealing with uncertainty about decision outcomes is a paramount challenge in 
decision making. Consumers buy products while having imperfect knowledge about 
product quality. Managers decide between investment options with great uncertainty 
about future returns. To maximize decision quality, decision makers can reduce 
outcome uncertainty by relying on cues that are observable and probabilistically 
related to the outcome to be judged (Karelaia and Hogarth 2008). For example, because 
price is often correlated with quality, consumers may use price as an indicator for 
product quality (Rao and Monroe 1989).  
The way outcome uncertainty that cannot be explained by a predictive cue 
“spreads” over the range of the cue can be very different. Although sometimes 
unexplained variance1 is constant (i.e., homoscedastic) across different regions of the 
cue, often residual variance is different (i.e., heteroscedastic) for different cue ranges. 
For example, a regression of quality on price for the laundry detergents tested by 
Consumer Reports (2009) yields a mean squared error of 84.34. However, 
distinguishing between low-priced and high-priced brands based on a median split 
(price/load < ¢17 vs. price/load ≥ ¢17) reveals a mean squared error of only 25.76 for 
low-priced brands, whereas the mean squared error for high-priced brands is more 
than five times larger (139.25), indicating a high level of heteroscedasticity, with 
unexplained variance increasing over the price range. Similar heteroscedasticity can be 
observed in many other categories (e.g., kitchen knives, toilet paper, digital cameras, 
or electric and gas driers). What are the implications of homo- versus 
heteroscedasticity for consumers’ price-quality beliefs? Does the nature of randomness 
influence anticipated product quality and product valuation? More generally, is cue-
                                                             
1 In this manuscript, the terms “unexplained variance”, “residual variance”, and “error variance” are 
used interchangeably to refer to the mean squared distance of all observations from the least-squares 
regression line. 
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outcome learning affected by the homo- versus heteroscedastic nature of unexplained 
variance in the outcome? 
These important question have not been addressed in the vast literature 
examining how people acquire cue-outcome relationships, including research on 
contingency learning (Allan 1993; van Osselaer et al. 2004), covariation judgments 
(Baumgartner 1995; Bettman et al. 1986; Pechmann and Ratneshwar 1992), 
categorization (Erickson and Kruschke 1998; Medin and Schaffer 1978), and function 
learning (DeLosh et al. 1997; Juslin et al. 2008). We present six experiments 
demonstrating that consumers perceive greater cue-outcome covariation (e.g., between 
price and quality) when error variance is heteroscedastic than when it is 
homoscedastic. Four additional experiments attest to the managerial importance of 
this insight by establishing systematic differences in anticipated product quality and 
product valuation between homo- and heteroscedastic environments. 
2.1  Theory  
To illustrate how homo- versus heteroscedasticity may impact covariation judgments2, 
we turn to a stylized homoscedastic scenario (Figure 1) and a stylized heteroscedastic 
scenario (Figure 2). Across the two graphs, the variance of the cue S2x is the same 
(674.67), the slope of the least-squares regression of the outcome on the cue is the same 
(.30), and the overall error variance S2e is the same (166.67)3. The graphs only differ in 
the distribution of the error over the range of the cue. In Figure 1, error variance is 
constant in different regions of the cue (see the white bars in Figure 3), whereas in 
Figure 2 error variance increases in higher regions of the cue (see the black bars in 
Figure 3).  
The overall association strength between a cue and an outcome is traditionally 
measured using Pearson’s correlation coefficient or associated indices (e.g., coefficient 
of determination). Such measures are based on total error variance and therefore 
ignore local differences in unexplained variance. The two scenarios in Figure 1 and 
Figure 2, for instance, yield the same overall correlation (.52). Nevertheless, there are 
                                                             
2 In this manuscript, the terms “covariation”, “correlation”, and “association strength” will be used 
interchangeably. 
3  and  
 
 7 
important differences between the homo- and heteroscedastic scenarios in the 
underlying local cue-outcome association strength. In the homoscedastic case, the 
association strength between cue and outcome is identical across the whole range of 
the cue, whereas in the heteroscedastic case the cue-outcome association becomes 
weaker with increasing values of the cue, that is, with increasing error variance. This 
situation was illustrated in the introduction with Consumer Reports’ data on laundry 
detergents, where the price-quality relationship is stronger for low-priced detergents, 
but weaker for high-priced detergents. 
 
Figure 1: A stylized homoscedastic scenario. 
 
Figure 2: A stylized heteroscedastic scenario.  
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If the overall cue-outcome association strength is the critical input for 
covariation inferences, then local differences in uncertainty may not matter, as long as 
the overall level of uncertainty remains the same. However, if people are in fact 
sensitive to local variations in cue-outcome association strength, the distinction 
between homoscedastic and heteroscedastic environments may be crucial.  
Are individuals sensitive to local differences in cue-outcome association 
strength? Some findings in the learning literature may be taken to suggest they are. For 
example, exemplar-based learning models propose that people attend to specific cue 
values together with their respective outcome values. In other words, exemplar-based 
learning implies that specific cue-outcome pairs are stored in long term memory 
(Juslin et al. 2008). Similarly, recent rule-based learning models propose that 
individuals partition the cue range into multiple, smaller regions and form region-
specific rules concerning the relationship between the cue and the outcome (Kalish et 
al. 2004). Likewise, the perceptual categorization literature corroborates the idea that 
humans make sense of continuous variables by sorting them into discrete categories 
(Harnad 1987). It is therefore surprising that prior research has not considered the 
possibility that people are sensitive to local correlations. If they are, homo- versus 
heteroscedastic error may influence covariation learning.  
 
Figure 3: Error variance in different cue regions in the homoscedastic and the heteroscedastic 
scenario. 
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In the following sections, we briefly introduce the notion of local correlation 
from the statistical literature and hypothesize how homo- versus heteroscedastic error 
variance may affect the perception of local and overall association strength. From this 
theorizing, we draw implications for marketing practice. 
2.1.1 Local Correlation 
According to standard linear statistical theory, the overall correlation coefficient 
measures the proportion of the total variance in an outcome that can be explained by a 
linear regression of that outcome on a cue. More formally, the overall cue-outcome 
correlation is a function of the variability in the outcome explained by the cue and the 
variability in the outcome not explained by the cue, that is the variance of the error 
(Cohen et al. 2003): 
 
|r| = [Explained variance/(Explained variance + Unexplained variance)]1/2, or 
r = bSx/(b2S2x + S2e)1/2,   (Equation 1) 
 
where b is the estimated slope of the regression of the outcome on the cue, S2x is the 
variance of the cue, and S2e is the variance of the error (i.e., the average squared 
distance of the observations from the regression line). Thus, the overall correlation 
coefficient is a function of overall error variance and does not take into account 
whether the overall error is distributed homoscedastically or heteroscedastically over 
the range of the cue. 
More recently developed local correlations measure the association strength 
between a cue and an outcome in a specific region or partition of the cue. To study 
local changes in association strength, the formula for the overall correlation can be 
adapted by conditioning on the specific partition of the cue (Bjerve and Doksum 1993; 
Blyth 1994; Doksum et al. 1994). The local correlation (i.e., in partition p of the cue X) 
can therefore be expressed as: 
 
|r(p)| = [Explained variance(p)/(Explained variance(p) + Unexplained 
variance(p))]1/2, or  
r(p) = b(p)Sx/(b2(p) S2x + S2e(p))1/2, (Equation 2) 
 
where b(p) is the estimated slope of the regression of the outcome on the cue in 
partition p of the cue and S2e(p) is the variance of the error in partition p of the cue (i.e., 
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the average squared distance of the observations in partition p of the cue from the 
regression line). Thus, for a given cue, local cue-outcome association strength depends 
on the local slope and the local error variance. 
2.1.2 The Influence of Homo- vs. Heteroscedasticity on Perceived Local Correlation 
Consider again the stylized homoscedastic and heteroscedastic scenario in Figure 1 
and Figure 2 and refer back to Equation 2.The slope b(p) is the same across the whole 
range of the cue. This implies that the variance explained by the cue b2(p)S2x remains 
the same in every region of the cue (i.e., the numerator and the first term of the 
denominator are constant in all partitions of the cue). In the homoscedastic scenario, 
error variance S2e(p) is also constant in all regions of the cue (i.e., the second term in 
the denominator is constant in all partitions of the cue). As a consequence, the local 
correlation in the homoscedastic scenario is identical in all regions of the cue and equal 
to the overall correlation. Heteroscedasticity implies that, relative to a homoscedastic 
scenario, error variance is larger in at least one region and smaller in another region of 
the cue. In the heteroscedastic scenario, explained variance b2(p)S2x  is again constant 
over the whole range of the cue but error variance S2e(p), the second term in the 
denominator, increases with higher cue values. Dividing a constant by the same 
constant plus a positive variable term implies increasingly small incremental changes, 
for example (3/(3+1) - 3/(3+2)) > 3/(3+2) - 3/(3+3)). Similarly, the local correlation 
decreases at a decelerating rate as local variance increases. Stated in another way, the 
impact of error variance on local correlation is decreasing (i.e., the higher error 
variance, the lower the correlation) and decelerating (i.e., additional increases in error 
variance have an increasingly small impact). This implies that in absolute terms the 
positive impact of a reduction in error variance on the local correlation is larger than 
the negative impact of a same size increase in error variance. Thus, comparing the 
heteroscedastic with the homoscedastic scenario, the positive impact of the reduction 
in error variance on the local correlation in lower partitions of the cue is greater in 
absolute terms than the negative impact of the increase in error variance on the local 
correlation in higher partitions of the cue.4 As a consequence, unlike the homoscedastic 
                                                             
4 A similar argument can be made when the cue-outcome relationship is negative. In that case, the 
negative impact of a reduction in error variance on the local correlation is greater in absolute terms 
than the positive impact of an increase in error variance on the local correlation. In other words, 
regardless of the direction of the general cue-outcome relationship (i.e., positive or negative), 
heteroscedasticity makes the underlying pattern of local correlations more extreme.  
 11 
scenario, local correlations in the heteroscedastic scenario are different in different 
regions of the cue, and are on average more extreme than the overall correlation. 
 
Figure 4: Objective local correlation in different cue regions in the homoscedastic and the 
heteroscedastic scenario. 
 
 
Figure 4 illustrates this effect by plotting the local correlation in the low, 
medium and high cue range for the homoscedastic scenario (the white bars) and the 
heteroscedastic scenario (the black bars). Going from Figure 3 to Figure 4 makes 
apparent that when moving from the homoscedastic to the heteroscedastic scenario in 
absolute terms a decrease in error variance (in the low cue range) has a larger positive 
impact on the local correlation than an identical increase in error variance (in the high 
cue range). Specifically, a decrease in error variance of 120 in the lower range of the 
cue increases the local correlation from .52 in the homoscedastic scenario to .75 in the 
heteroscedastic scenario (i.e., an increase of 44%), while an increase in error variance of 
120 in the higher range of the cue decreases the local correlation from .52 in the 
homoscedastic scenario only to .42 in the heteroscedastic scenario (i.e., a decrease of 
20%). 
So far, our discussion has centered on the statistical relationship between local 
error variance and local correlations. However, individuals’ judgments of cue-outcome 
associations emerge only after a psychological interpretation of objective correlations. 
We therefore now turn to the role of psychological factors in determining the 
consequences of heteroscedasticity for perceived local cue-outcome association 
 12 
strength. A basic law of human psychophysics that underpins much psychological 
research (e.g., Prospect Theory) is the decreasing sensitivity to sensory stimulation. In 
the context of inferences of covariation, Jennings et al. (1982) showed that individuals’ 
subjective judgments of correlation become increasingly insensitive to changes in 
objective correlation as the objective correlation decreases. In particular, based on 
patterns of association between objective and subjective correlations, Jennings et al. 
(1982) relate the subjective correlation j(r) to the objective correlation with the 
following formula: j(r) = 1 - (1 - r2)1/2. Therefore, human psychophysics implies an 
additional nonlinear transformation to the relationship between error variance and 
perceived local covariation. 
 
Figure 5: Subjective local correlation in different cue regions in the homoscedastic and the 
heteroscedastic scenario. 
 
 
Figure 5 plots the subjective local correlation in the low, the middle, and the 
high range of the cue. As can be seen when relating Figure 3 to Figure 5, a decrease in 
error variance of 120 in the lower cue region increases the perceived local correlation 
from .14 in the homoscedastic scenario to .34 in the heteroscedastic scenario (i.e., an 
increase of 243%), while an increase in error variance of 120 in the higher cue range 
decreases the perceived local correlation from .14 in the homoscedastic scenario only 
to .08 in the heteroscedastic scenario (i.e., a decrease of 37%). Thus, human 
psychophysics exacerbates the purely statistical disproportional effect of decreases in 
error variance (relative to increases in error variance) on local correlations. 
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In sum, heteroscedasticity implies that, relative to a homoscedastic scenario, 
error variance is larger in at least one region and smaller in another region of the cue. 
We have argued that, because of the statistical relationship between local error 
variance and local correlation and the laws of human psychophysics, the positive 
impact of the reduction in error variance on the perceived local cue-outcome 
association strength in the first region should be greater in absolute terms than the 
negative impact of the increase in error variance on the perceived local cue-outcome 
association strength in the second region. For the laundry detergent category, this 
implies that the perceived association between price and quality will be somewhat 
weak for high-priced detergents, but much stronger for low-priced detergents. If 
unexplained variance in the laundry detergent category were homoscedastic instead of 
heteroscedastic, the perceived association between price and quality would be 
relatively weak for both low-priced and high-priced detergents. 
2.1.3 The Influence of Homo- vs. Heteroscedasticity on Perceived Overall 
Correlation 
Marketing studies examining consumers’ judgments of covariation typically present 
participants with data about a cue X (e.g., price) and an outcome Y (e.g., quality) and 
ask them to judge the direction and the strength of the overall relationship between 
them (Baumgartner 1995). We hypothesize that these judgments are at least partially 
informed by consumers’ perceptions of local correlations. Unless local correlations in 
the high error ranges are dramatically overweighted, using perceptions of local 
correlations to inform overall covariation judgments should yield more extreme 
overall covariation judgments under heteroscedastic than homoscedastic outcome 
uncertainty. As we outlined above, this is the case because the increase in perceived 
local correlation in low-error partitions of the cue is larger than the decrease in 
perceived local correlation in high-error partitions of the cue (relative to the medium-
error in a homoscedastic scenario). 
2.1.4 The Influence of Homo- vs. Heteroscedasticity on Outcome Predictions 
As explained earlier, the correlation coefficient is a function of the proportion of 
variance that can be explained by a predictive cue. In other words, the cue-outcome 
correlation reflects the predictability of an outcome based on a cue. From a normative 
point of view, the predictability of the outcome should not inform predictions about 
the expected level of the outcome (e.g., in linear regression, the slope of the regression 
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line relating x and y should not be confused with the correlation between x and y). 
However, prior research using binary cues and outcomes has found that people 
generate more extreme conditional probability judgments (i.e., the probability that an 
outcome B occurs when a specific cue A is present) when the cue-outcome association 
is stronger. In other words, the estimated probability that B is present given that A is 
present should not depend on instances in which A is not present, yet conditional 
probability judgments are biased by these instances (De Houwer et al. 2007; Price and 
Yates 1993). This is because people take into account how well B can be predicted 
based on A when judging the likelihood that B is present given that A is present 
(Lagnado and Shanks 2002). 
Generalizing to the case of continuous variables, this suggests that, if the 
perceived cue-outcome correlation (i.e., the perceived predictability of the outcome 
based on the cue) is higher in heteroscedastic environments than in homoscedastic 
environments (see above), outcome predictions should also be more extreme under 
hetero- than homoscedasticity. In other words, for the same mean level of the outcome, 
we expect more extreme predictions when the perceived overall correlation between 
cue and outcome is stronger. This should not happen, however, when there is little 
outcome uncertainty. In this case, people should learn to accurately predict the 
outcome. For example, if all low-priced laundry detergents a consumer encounters are 
of low quality, it is likely that consumers will recognize this fact and accurately predict 
low quality when confronted with a low-priced detergent.  
This expectation of prediction accuracy in the low-uncertainty range, together 
with the dependence on perceived cue-outcome correlation in the high-uncertainty 
range, yields a specific pattern of over- and underestimation of the outcome 
depending on the type of heteroscedasticity. If the general relationship between cue 
and outcome is positive and error variance increases from low to high levels of the cue 
(cf. opening example about laundry detergents), participants should be accurate for 
lower cue values but increasingly overestimate the outcome for higher cue values. For 
instance, going back to the laundry detergent example, the heteroscedastic increasing 
nature of quality uncertainty may lead consumers to accurately predict quality for 
low-priced detergents but to overestimate the quality of high-priced detergents. If 
instead the general relationship between cue and outcome is positive and error 
variance decreases from low to high levels of the cue, participants should be accurate 
for higher cue values but increasingly underestimate the outcome for lower cue values. 
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2.1.5 Summary of Studies 
We conducted a series of studies to test our hypotheses concerning the effect of homo- 
versus heteroscedasticity on (a) judgments of overall association strength or 
predictability (Studies 1-4); (b) perceived local association strength (Studies 5-6); and 
(c) outcome predictions (Studies 7-10). Studies 7 and 8 show that quality predictions 
are more extreme when the correlation between price and quality is stronger, even 
when the slope of the least-squares regression line of the outcome on the cue is kept 
constant. Studies 9 and 10 examine the effect of homo- versus heteroscedasticity in the 
objective price-quality relationship on price-based quality predictions and product 
valuation. 
2.2 Empirical Studies 
Study 1 
Study 1 examines the effect of homo-versus heteroscedasticity on overall judgments of 
covariation. Participants were sequentially presented with price-quality information 
about several Chilean wine brands. Variance in wine quality not explained by price 
was either heteroscedastic or homoscedastic. Later, participants were asked to rate the 
strength of association between price and quality. We predict that participants will 
judge the association between price and quality to be stronger when outcome 
uncertainty is heteroscedastic than when it is homoscedastic. 
Method 
Participants and Design 
Thirty-one undergraduate students participated in the study in exchange for extra 
course credit (11 females; Mage = 20.55, SD = 1.88). Error variance (homoscedastic vs. 
heteroscedastic increasing) was manipulated between-participants. In the 
homoscedastic condition, error variance was constant over the whole price range. In 
the heteroscedastic condition, error variance increased at higher prices. 
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Procedure 
We presented participants sequentially with 30 different brands of Chilean wines and 
their respective selling prices and objective quality ratings. Quality was expressed as a 
score ranging from 0 to 10. Participants were instructed to observe the price and 
quality for each brand carefully and were told that objective quality was determined 
by a panel of wine experts in a blind taste test. In fact, unknown to participants the 
quality of the wine was predetermined according to the following formula: 
 
Quality = 3.33 + 0.11 * Price + Error  (Equation 3) 
 
Selling prices ranged from €5 to €345. To make sure that participants obtained 
equal information about wine quality across the whole price range, we divided the 
price range in 10 blocks of 3 different prices (i.e., block 1 ranged from €5 to €7, block 2 
ranged from €8 to €10, …, and block 10 ranged from €32 to €34), and three prices were 
randomly sampled with replacement from each block. 
For each triplet of prices drawn from each of the 10 price blocks, we added a 
positive error component to the quality score of the first price, a negative error 
component (equal in absolute value to the positive error component) to the quality 
score of the second price, and no error component to the quality score of the third 
price. In the heteroscedastic increasing error variance condition, the error component 
was 0 in block 1 and increased with 0.33 with every price block. In the homoscedastic 
error variance condition, the error component was instead set to 1.78 in all 10 price 
blocks. This procedure ensured that across conditions the variance of price (74.25), the 
slope of the regression of quality on price (0.11), and overall error variance were 
identical (2.11), resulting in the same correlation of .55 across the three conditions of 
the study. See Figure 6 for a graphical representation of the homoscedastic and Figure 
7 for a graphical presentation of the heteroscedastic task structure. 
 After the presentation of all 30 brands, participants were asked to indicate to 
what extent price was a good predictor of quality for Chilean wines using a slider bar 
ranging from 0 (not a good predictor at all) to 1 (a perfect predictor). 
 
                                                             
5 All data were collected in Europe, hence the Euro was the currency students were most familiar with. 
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Results 
A one-way ANOVA on perceived association strength revealed a main effect of error 
variance (F(1, 29) = 5.01, p < .05). Participants in the heteroscedastic increasing 
condition (M = .58, SD = .21) indicated that there was a stronger association between 
price and quality for Chilean wines than participants in the homoscedastic condition 
(M = .40, SD = .22). See Table 1. 
 
 
Figure 6: Graphical representation of the homoscedastic task structure used in Study 1. 
 
 
 
Figure 7: Graphical representation of the heteroscedastic task structure used in Study 1. 
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Table 1:  Mean ratings and respective standard deviations obtained in Studies 1, 2, 3, and 4. 
 
Study 
 
Overall r 
 
Homoscedastic Outcome 
Uncertainty 
 
Heteroscedastic Outcome 
Uncertainty 
   
M 
 
SD 
 
M 
 
SD 
 
1 
(n = 31) 
 
.55 
 
.40 
 
.22 
 
.58 
 
.21 
 
2 
(n = 29) 
 
.62 
 
2.72 
 
1.53 
 
3.13 
 
1.66 
 
3 
(n = 45) 
 
.62 
 
10.84 
 
24.01 
 
14.53 
 
21.41 
 
.80 
 
34.44 
 
31.09 
 
45.96 
 
23.13 
 
4 
(n = 43) 
 
-.60 
 
-21.22 
 
18.50 
 
-28.55 
 
25.42 
 
-.80 
 
-31.69 
 
22.28 
 
-38.92 
 
1.66 
Study 2 
Formal judgments of direction and strength of association like the one used in Study 1 
are probably not a common occurrence in consumers’ everyday life. Therefore, a goal 
of Study 2 was to replicate the findings of Study 1 using a dependent measure that lies 
closer to a consumer’s intuitive understanding of covariation. Specifically, we asked 
participants to indicate how confident they felt that they could accurately predict wine 
quality when informed about the selling price of the bottle. Consistent with Study 1, 
we predict that participants will feel more confident when error variance is 
heteroscedastic than when it is homoscedastic. 
Another goal of Study 2 was to assess the robustness of the effect in a different 
setting. In Study 1, participants learned about the price-quality association via a 
sequential exposure to price-quality pairs. This paradigm mimics consumers’ 
experience of products over time. Sometimes consumers are instead presented with 
price-quality data in tables. For example, product comparison websites (e.g., Wine 
Enthusiast) typically report price-quality information for a number of products in a 
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grid. Thus, in Study 2 participants were presented with price-quality information 
about wines in tabular format. 
Method 
Participants and Design 
Twenty-nine undergraduate students took part in this study in exchange for course 
credit (7 females; Mage = 21.55; SD = 3.41). Error variance (homoscedastic vs. 
heteroscedastic increasing) was manipulated within-participants. Respondents were 
presented with two tables containing price-quality information for 18 bottles of 
champagne. The order of the tables was randomized. 
Procedure 
To generate the tables, we used the following formula: 
 
Quality = 40 + .30 * Price + Error  (Equation 4) 
 
The 18 prices were generated by randomly drawing two integer numbers 
from each of nine blocks in the 5-95 range (see Table 2). The error component was 
generated using a procedure similar to that of Lane, Anderson, and Kellam (1985). In 
the homoscedastic condition, to generate the error term, we sampled five numbers 
between 8 and 13. The first of these numbers was added to the first price drawn for the 
first block used to generate the prices, the same number was then subtracted from the 
second price drawn from the first block. This procedure was repeated for the 
subsequent 4 blocks of selling prices. The errors for the remaining prices were 
obtained by mirroring the errors used in the first four blocks of prices. That is, the 
error components used in the first block of prices were the same as those used in the 
last block of prices; the error components used in the second block of prices were the 
same as those used in the one but last block of prices; and so forth. This procedure was 
used to avoid that the error component alters the slope (Lane et al. 1985)  
 In the heteroscedastic error condition, the error components used in the 
homoscedastic condition were changed to generate an increase in the size of the error 
with an increase in price. Specifically, the squared error components for the first block 
of prices in the homoscedastic condition were divided by 16, the squared error 
components for the second block of prices was divided by eight, those for the third 
block by four, and those for the fourth block by two. The error components for the fifth 
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block of prices were left unchanged. The squared error components for the remaining 
four blocks were created by adding the values removed from the first four blocks, such 
that the reduction in squared errors for the first block were added to the last, the 
reduction in squared errors for the second block was added to the one but last, and so 
forth. The objective overall correlation between price and quality was .62 in both the 
homoscedastic and the heteroscedastic condition, and the data were presented in 
ascending order of price (see Table 2). 
 
Table 2:  Price-quality pairs presented in Study 2 
 
Price 
 
Quality 
 
Homoscedastic 
Outcome 
Uncertainty 
 
Heteroscedastic 
Outcome 
Uncertainty 
 
9 
 
53 
 
45 
14 34 42 
15 54 48 
16 35 41 
26 38 43 
34 60 55 
37 60 57 
42 44 46 
45 64 64 
49 44 44 
55 65 67 
60 49 47 
70 71 74 
75 53 50 
79 73 77 
81 55 51 
85 55 51 
92 78 82 
 
For each table, participants were asked to indicate on a scale from 1 (not at all 
confident) to 10 (entirely confident) to what extent they felt confident that they could 
accurately predict champagne quality when informed about the price of the 
champagne. The time participants took to respond was measured unobtrusively (Mtime 
= 26.06; SD = 12.16). There were no differences in response time across tables (p > .19). 
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Results 
Replicating the findings of Study 1, a within-subjects ANOVA revealed a main effect 
of error variance (F(1, 28) = 5.14, p < .05). Participants were more confident about their 
ability to accurately predict champagne quality in the heteroscedastic error variance 
condition (M = 3.13; SD = 1.66) than in the homoscedastic error variance condition (M 
= 2.72; SD = 1.53). See Table 1. Study 2 extends the findings of Study 1 to the case of 
simultaneous, instead of sequential, presentation of cue-outcome pairs. 
Study 3 
In Study 1 and 2, participants learned the association between price and quality for 
wines. To avoid that any effect of homo- versus heteroscedasticity can be attributed to 
the existence of prior theories about the association between cue and outcome (i.e., 
price and quality), in Study 3 we used X and Y as cue-outcome labels (Baumgartner 
1995; Sniezek 1986). Moreover, for generalizability, we examined the effect of error 
variance for two different regression slopes. 
Method 
Participants and Design 
Forty-five undergraduate students participated in the study for course credit (18 
females; Mage = 19.91, SD = 1.88). The study used a 2 (error variance: homoscedastic vs. 
heteroscedastic) x 2 (regression slope: .30 vs. .50) within-participants design. In other 
words, respondents saw four tables with 18 X-Y pairs. 
Procedure 
The tables were generated with the same procedure used in Study 2 and were 
presented in random order. The only difference was that we manipulated the slope of 
the regression of the outcome on the cue to be .30 or .50, resulting in an overall 
correlation between price and quality of .62 and .80, respectively. For each table, 
participants were asked to estimate the strength of the relationship between X and Y 
on a scale from -100 (perfect negative relationship) to +100 (perfect positive 
relationship). The time participants took to respond was measured unobtrusively 
(Mtime = 25.26; SD = 8.42). There were no differences in response time across tables (all 
ps > .66). 
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Results 
Covariation judgments were analyzed with a 2 (error variance: homoscedastic versus 
heteroscedastic) x 2 (slope: .30 versus .50) within-subjects ANOVA. This analysis 
revealed a main effect of slope (F(1, 44) = 41.34, p < .0001) such that judgments of 
covariation were higher when the slope was .50 (M = 40.20; SD = 23.01) than when it 
was .30 (M = 12.68; SD = 18.90). This main effect is not surprising given that the former 
slope resulted in an objective overall cue-outcome correlation of .80 and the latter in a 
correlation of .62. More interestingly, this analysis also revealed a main effect of error 
variance (F(1, 44) = 9.25, p < .01), such that covariation judgments were higher when 
error variance was heteroscedastic (M = 30.24; SD = 15.63) than when it was 
homoscedastic (M = 22.64; SD = 19.26). The interaction between regression slope and 
error variance was not significant (F(1, 44) = 1.43, p > .23), indicating that 
heteroscedasticity increases judgments of covariation for different objective cue-
outcome association strengths. See Table 1. 
Study 4 
Study 4 is similar to Study 3, except that (1) the objective overall cue-outcome 
correlation is negative instead of positive and (2) heteroscedasticity is manipulated by 
decreasing error variance instead of increasing error variance. These changes were 
introduced to show (1) that covariation judgments become more extreme, and not 
simply higher, when introducing heteroscedasticity in the error component6 and (2) 
that the effect of heteroscedasticity on overall covariation judgments is not specific to 
the particular type of heteroscedasticity used in Studies 1-3 (i.e., increasing error 
variance). 
Method 
Participants and Design 
Forty-three undergraduate students participated for course credits (22 females; Mage = 
20.12; SD = 2.05). The study used a 2 (error variance: homoscedastic vs. 
heteroscedastic) x 2 (regression slope: -.30 vs. -.50) within-participants design. 
 
                                                             
6 See footnote 4. 
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Procedure 
Four tables with 18 X-Y pairs were generated with the same procedure used in Studies 
2 and 3. The only difference was that (a) negative values of -.30 and -.50 were assigned 
to the slope, resulting in an overall correlation of -.60 and -.80, and (b) 
heteroscedasticity was obtained by adding error variance for low X values and 
subtracting it for high X values. Participants were again presented with 4 tables in 
random order and the data were presented in ascending order of the X variable. For 
each table, participants were asked to estimate the strength of the relationship between 
X and Y on a scale from -100 (perfect negative relationship) to +100 (perfect positive 
relationship). Response times were recorded (Mtime = 24.22; SD = 7.88), and we again 
found no differences across tables (all ps > .52). 
Results 
Covariation judgments were analyzed with a 2 (error variance: homoscedastic vs. 
heteroscedastic) x 2 (regression slope: -.30 vs. -.50) within-participant ANOVA. This 
analysis revealed a main effect of regression slope (F(1, 42) = 9.40, p < .01) such that 
covariation judgments were lower when the regression slope was -.50 (M = -35.31; SD 
= 18.82) than when it was -.30 (M = -24.89; SD = 16.07). Replicating the previous 
studies, this analysis also revealed a main effect of error variance (F(1, 42) = 6.28, p < 
.05), such that covariation judgments were more extreme (i.e., lower in this case) when 
error variance was heteroscedastic (M = -33.73; SD = 17.83) rather than homoscedastic 
(M = -26.46; SD = 15.08). The interaction between objective correlation and error 
variance was again not significant (F(1, 42) = 0.00, p > .98). See Table 1. 
Discussion of Studies 1-4 
The previous studies establish that overall covariation judgments are more extreme 
when error variance is heteroscedastic than when it is homoscedastic. Relative to 
homoscedastic error variance, heteroscedastic error variance leads to higher 
covariation judgments when the objective cue-outcome association is positive and to 
lower covariation judgments when the objective cue-outcome association is negative. 
The effect of heteroscedasticity occurs (a) irrespective of whether heteroscedasticity is 
manipulated by increasing or by decreasing error variance at higher cue values, (b) for 
different positive and negative regression slopes, (c) in the case of both sequential and 
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simultaneous presentation of the data, (d) for price-quality associations as well as 
generic X-Y labels, and (e) for different measures of covariation. 
Study 5 
Our predictions concerning the effect of homo- versus heteroscedastic error variance 
on overall judgments of covariation rest on the assumption that people are sensitive to 
local differences in cue-outcome association strength. Recall that the statistical 
relationship between local error variance and local correlation, combined with the 
psychophysical function relating objective to subjective (local) correlation, implies that 
a reduction in error variance has a larger impact than an identical increase in error 
variance on the perception of local cue-outcome association strength. Studies 5 and 6 
were designed to provide support for this theorizing by testing the effect of homo- 
versus heteroscedasticity on the perception of local association strength. In particular, 
based on the theory, we predict that a reduction in error variance will have a positive 
effect on perceived local covariation that is significantly larger in magnitude than the 
negative effect of an identical increase in error variance. 
Participants in Study 5 first learned the association between price and quality 
for Chilean wine brands. Uncertainty about quality was either homoscedastic, 
heteroscedastic increasing or heteroscedastic decreasing. Afterwards, participants 
were probed for their beliefs about the association strength between price and quality 
in the low price region and the high price region. A problem with the measurement of 
perceived local correlation is that, while participants may be sensitive to local 
correlations, the theoretical notion of local correlation may be quite novel and difficult 
to grasp for respondents. Therefore, to measure respondents’ beliefs about local price-
quality association strength, we asked participants to indicate how confident they felt 
that they could accurately predict quality for a number of new brands for which only 
the selling price was known. 
Method 
Participants and Design 
One-hundred and twenty undergraduate students participated in this study in 
exchange for course credit (60 females; Mage = 19.96, SD = 2.25). The study used a three-
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group design in which error variance (homoscedastic vs. heteroscedastic increasing vs. 
heteroscedastic decreasing) was manipulated between-participants. 
Procedure 
The study consisted of two phases. The first phase was an experience phase in which 
participants learned about the relationship between price and quality for Chilean wine 
brands. The second phase measured perceived local association strength for several 
new low-priced and high-priced brands. This phase was not mentioned to participants 
beforehand to ensure that the encoding of local association strength was not an artifact 
of the procedure.  
In the first phase, we presented participants sequentially with 30 different 
brands of Chilean wines and their respective selling prices. Participants were asked to 
predict the quality of each brand. Each time, after having made a quality prediction, 
participants received feedback about the objective quality of the brand. The procedure 
used to generate the selling prices and quality scores was identical to the one used in 
Study 1, with the only difference that the formula underlying the quality scores was 
multiplied by 10. Quality therefore ranged from 0 to 100. The procedure used to 
generate the error terms in the homoscedastic and the heteroscedastic increasing 
conditions was the same as in Study 1 (but they were again multiplied by 10). The 
error terms in the heteroscedastic decreasing condition were obtained by reversing the 
method used for the heteroscedastic increasing condition.  
In a second phase, participants were presented with five low-priced brands 
(ranging in price between €5 and €19) and five high-priced brands (ranging in price 
between €20 and €34). For each brand, participants were asked to indicate on a scale 
from 1 (not at all confident) to 10 (very confident) to what extent they felt confident 
that they could accurately predict the quality for that specific brand. Confidence 
judgments for low-priced (high-priced) brands were then averaged to obtain an index 
of perceived local association strength for the low (high) price region. 
Across the three conditions, there are no differences in overall error variance 
(211). However, there are local differences in error variance. In the low price region, 
error variance in the homoscedastic condition (211) is 167 higher than in the 
heteroscedastic increasing condition (44) and 167 lower than in the heteroscedastic 
decreasing condition (378). This pattern is mirrored in the high price region: error 
variance in the homoscedastic condition (211) is 167 lower than in the heteroscedastic 
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increasing condition (378) and 167 higher than in the heteroscedastic decreasing 
condition (44).  
Thus, relative to the variance in quality unexplained by price in the low (high) 
price region in the homoscedastic condition, in absolute terms the reduction in error 
variance in the heteroscedastic increasing (decreasing) condition is equal to the 
increase in error variance in the heteroscedastic decreasing (increasing) condition. 
Based on our theory however, decreases in error variance should have a stronger 
positive impact on the subjective association strength than increases in error variance 
have a negative impact. In other words, in the low price region participants should 
perceive a stronger association between price and quality in the heteroscedastic 
increasing condition than in the other two conditions, and there should be a smaller or 
no significant difference between the homoscedastic condition and the heteroscedastic 
decreasing condition. In the high price region, instead, the perceived association 
between price and quality should be stronger in the heteroscedastic decreasing 
condition than in the remaining conditions, and there should be a smaller or no 
significant difference between the homoscedastic condition and the heteroscedastic 
increasing condition.  
Results 
We estimated a 3 (error variance: homoscedastic vs. heteroscedastic increasing vs. 
heteroscedastic decreasing) x 2 (price range: low vs. high) repeated-measures ANOVA 
with error variance as a between-participants factor and price range as a within-
participant factor. This analysis revealed the predicted two-way interaction between 
error variance and price range (F(2, 117) = 13.87, p < .001). This interaction was 
followed up with planned contrasts. In the low price range, participants in the 
heteroscedastic increasing condition were more confident that they could accurately 
predict quality than participants in the homoscedastic condition and the 
heteroscedastic decreasing condition (t(117) = 3.89, p < .001), while there was no 
difference between the homoscedastic and the heteroscedastic decreasing condition 
(t(117) = .71, p > .48). In the high price range, participants were more confident that 
they could accurately predict product quality in the heteroscedastic decreasing 
condition than in the homoscedastic condition and the heteroscedastic increasing 
condition (t(117) = 3.34, p < .001), while there was no difference between the 
homoscedastic and the heteroscedastic increasing condition (t(117) = 1.43, p > .15). 
Table 3 displays the means and standard deviations. 
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Table 3:  Mean ratings and respective standard deviations obtained in Studies 5 and 6. 
 
Study 
(DV) 
 
Outcome 
Uncertainty 
 
Price range 
   
Low 
 
High 
   
M 
 
SD 
 
M 
 
SD 
 
5 
(Confidence) 
 
Homoscedastic 
(n = 40) 
 
5.37 
 
1.25 
 
5.81 
 
1.39 
  
Heteroscedastic 
Increasing 
(n = 37) 
 
6.34 
 
1.18 
 
6.18 
 
1.06 
  
Heteroscedastic 
Decreasing 
(n = 43) 
 
5.54 
 
1.03 
 
6.71 
 
0.89 
 
6 
(Difficulty) 
 
Homoscedastic 
(n = 15) 
 
7.02 
 
1.62 
 
8.07 
 
1.28 
  
Heteroscedastic 
Decreasing 
(n = 14) 
 
6.62 
 
1.95 
 
6.45 
 
1.18 
 
Besides the significant interaction between error variance and price range, the 
main effects of error variance (F(2, 117) = 5.10, p < .01) and price range were also 
significant (F(1, 217) = 21.85, p < .0001). As a result of the local differences in 
confidence described above, the main effect of error variance indicates that overall 
participants were less confident in the homoscedastic condition than in the 
heteroscedastic conditions (t(117) = -3.16, p < .001), with no difference between the 
heteroscedastic conditions (t(117) = .59, p > .55). This finding is consistent with the 
main effect of homo- versus heteroscedasticity on overall judgments of covariation 
found in Studies 1 to 4. The main effect of price range indicates that participants were 
more confident in the high than in the low price range. We had not anticipated this 
effect because in the homoscedastic condition the local correlation was objectively 
identical in the low price range and the high price range and because the 
heteroscedastic conditions were mirror images in terms of local association strength. It 
is possible that participants hold the lay belief that it is easier to predict the quality of 
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high-priced wines than it is to predict the quality of low-priced wines. Alternatively, it 
is possible that the higher prices numerically primed participants, resulting in higher 
confidence ratings in the high price range (Wilson et al. 1996). 
Study 6 
Study 6 assesses the robustness of the findings of Study 5 by introducing a number of 
procedural changes. First, instead of wines, participants learned the price-quality 
association for an unspecified product category. Second, instead of local confidence 
judgments, participants provided judgments of local prediction difficulty. Specifically, 
to probe respondents’ beliefs about price-quality associations in different price regions, 
we asked participants to indicate how difficult they felt it was to predict quality for a 
number of new products for which only the selling price was known. Third, we used a 
different objective correlation between price and quality. Finally, in Study 6 we 
devised a procedure to generate the error term for the homoscedastic condition that 
allows holding constant between conditions both mean squared error (i.e., error 
variance) and mean absolute error. This change was implemented to rule out a 
potential alternative explanation for the findings of Study 5 based on differences in 
mean absolute error (see details below). 
Method 
Participants and Design 
Twenty-nine undergraduate students participated in the study in exchange for course 
credit (13 females; Mage =20.21, SD = 1.68). Participants were randomly assigned to a 
homoscedastic condition or a heteroscedastic condition with decreasing error variance. 
Procedure 
The study consisted of two phases. In the first phase, participants were presented 
sequentially with 27 different brands from an unspecified product category and their 
respective selling prices. Participants were asked to predict quality for each brand. 
Quality was expressed as a score ranging from 0 to 100. After each quality prediction, 
participants received feedback about the objective quality of the brand. Objective 
product quality was predetermined according to the following formula: 
Quality = 25 +.50 * Price + Error  (Equation 5) 
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Selling prices ranged from €5 to €95. To make sure that participants obtained 
equal information about product quality across the whole price range, we divided the 
price range in 9 blocks (i.e., block 1 ranged from €5 to €15, block 2 ranged from €15 to 
€25, …, and block 9 ranged from €85 to €95), and three selling prices were randomly 
selected from each block. Selling prices were presented to participants after rounding 
them to a multiple of five. For each triplet of prices drawn from each of the 9 price 
blocks, we added a positive error component to a first price, a negative error 
component (equal in absolute value to the positive error component) to a second price, 
and no error component to a third price.  
In the heteroscedastic decreasing error variance condition, the error 
component was 26.67 in block 1 and decreased with 3.33 with every price block to 0 in 
block 9. In the homoscedastic condition, the error component was identical in 
magnitude to the heteroscedastic condition, but we switched the error components of 
block 1 and block 9, and of block 3 and block 7. As a result, in the low price range 
(blocks 1-3: from €5 to €35) mean squared error and mean absolute error were higher 
in the heteroscedastic decreasing condition than in the homoscedastic condition (i.e., a 
difference of 237 and 9 respectively). In the high price range (blocks 7-9: from €65 to 
€95), mean squared error and mean absolute error were lower in the heteroscedastic 
decreasing than in the homoscedastic condition (i.e., a difference of 237 and 9 
respectively). Thus, this procedure ensures that both the difference in error variance 
(237) and the difference in mean absolute error (9) between the heteroscedastic 
decreasing and the homoscedastic condition in the low and the high price range were 
identical in magnitude (but in opposite direction). If decreases in error variance have a 
greater impact on the perceived local association strength than increases in error 
variance, then the difference in perceived association strength between the 
homoscedastic and the heteroscedastic environment should be larger in the high price 
region than in the low price region. 
In a second phase, participants were presented with 3 low-priced brands (€10, 
€20, and €30) and 3 high-priced brands (€70, €80, and €90) that had not been presented 
before. For each brand, participants were asked to indicate on a scale from 1 (not at all 
difficult) to 10 (very difficult) to what extent they found it difficult to predict product 
quality for that specific brand. Two indices of local association strength were 
computed by averaging difficulty judgments for the low-priced brands and the high-
priced brands. 
 30 
Results 
The perceived local association strengths were analyzed with a 2 (error variance: 
homoscedastic vs. heteroscedastic) x 2 (price range: low vs. high) repeated-measures 
ANOVA, in which error variance was a between-participants factor and price range a 
within-participant factor. This analysis yielded an interaction between error variance 
and price (F(1, 27) = 4.29, p < .05). For low-priced products, there was no significant 
difference (F(1, 27) = .37, p > .54) in perceived association strength between the 
homoscedastic condition (M = 7.02, SD = 1.62) and the heteroscedastic condition (M = 
6.62, SD = 1.95). For high-priced products, this difference was instead significant (F(1, 
27) = 12.41, p < .01). In the high price range, participants in the heteroscedastic 
condition (M = 6.45, SD = 1.18) perceived a stronger association between price and 
quality than participants in the homoscedastic condition (M = 8.07, SD = 1.18). Besides 
the significant interaction between error variance and price range, the main effect of 
error variance  was also significant (F(1, 27) = 4.23, p < .05). As a result of the local 
differences in perceived difficulty described above, the main effect of error variance 
indicates that overall participants found it more difficult to predict product quality in 
the homoscedastic condition (M = 7.54, SD = 1.27) than in the heteroscedastic condition 
(M = 6.54, SD = 1.37). 
Discussion of Studies 5 and 6 
Studies 5 and 6 examined differences in perceived local association strength between 
homoscedastic and heteroscedastic environments. Together, these studies show that 
decreases in error variance have a greater impact on perceived local association 
strength than increases in error variance. This effect cannot be explained by underlying 
differences in mean absolute error (Study 6). Comparing a heteroscedastic 
environment with a homoscedastic environment, this implies that decreases in error 
variance have a stronger impact on perceived local association strength than increases 
in error variance. As a result, the perceived overall cue-outcome association strength is 
more extreme when error variance is heteroscedastic than when it is homoscedastic. 
Study 7 
The previous studies have demonstrated that the perceived predictability of the 
outcome increases when error variance is heteroscedastic. As discussed in the theory, 
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from a normative point of view, the cue-outcome correlation per se should not 
determine the predicted level of the outcome for a specific value of the cue. Such a 
prediction should instead reflect the expected level of the outcome for that cue value. 
In general, outcome predictions can be based on the recollection of previously 
experienced outcomes for a specific cue value and surrounding cue values (i.e., an 
exemplar-based estimation of expected outcome value), or on the regression slope of 
the outcome on the cue across cue regions (i.e., a rule-based estimation of expected 
outcome value). In addition to these inputs, we argued in the Theory section of this 
manuscript that for uncertain outcome values, outcome predictions are also influenced 
by the perceived cue-outcome correlation. The goal of Study 7 was to show that, 
keeping constant the outcome values in the high-error range of the cue experienced 
during learning as well as the regression slope, outcome predictions become more 
extreme when the objective cue-outcome correlation is increased. To accomplish this 
goal, participants were exposed to high and low outcome values in the high range of 
the cue. Half of the respondents also learned about two low outcome values in the low 
range of the cue. These additional cue-outcome pairs lay on the least-squares 
regression line and, although not affecting the regression slope, increased the cue-
outcome correlation. We predict that the exposure to those additional cue-outcome 
pairs will lead to overestimation of the outcome in the high cue range. 
Method 
Participants and Design 
Fifty-six undergraduate students participated in the study in exchange for extra course 
credit (Mage = 21.09, SD = 1.78). Participants were randomly assigned to a low 
correlation or a high correlation condition. 
Procedure 
The study consisted of two phases. In the first phase, participants were instructed to 
pay close attention to price-quality information about several bottles of wine 
appearing in random order on the computer screen. Participants were informed that 
selling prices could range between €2 and €10 and that quality scores ranged from 1 to 
10. In the low correlation condition, participants were presented with 10 price-quality 
pairs in the high price region. The 10 price-quality pairs were: (8,1), (8,2), (8,4), (8,6), 
(8,7), (10,1), (10,3), (10,5), (10,7), and (10,9). In the high correlation condition, 
participants were presented with 12 price-quality pairs. Ten pairs were identical to the 
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low correlation condition, and two additional price-quality pairs were added in the 
low price region: (2,1) and (4,2). Adding these two pairs increases the correlation 
between price and quality from .19 in the low correlation condition to .46 in the high 
correlation condition. 
In the second phase, participants were asked to predict the quality for three 
bottles of wine with selling prices of €8, €9 and €10. Because the additional price-
quality pairs in the high correlation condition lie (1) in the low price region and (2) on 
the least-squares regression line of quality on price, there should be no difference in 
outcome predictions in the high price region between the high correlation and the low 
correlation condition. However, if participants take into account the cue-outcome 
correlation when generating outcome predictions, predicted quality in the high 
correlation condition should be higher than predicted quality in the low correlation 
condition. 
Results 
The three quality estimations were averaged and subjected to a one-way ANOVA. 
This analysis revealed a main effect of correlation (F(1, 54) = 4.56, p < .05). In line with 
our predictions, estimated quality for high-priced wines was higher in the high 
correlation condition (M = 6.24, SD = 1.21) than in the low correlation condition (M = 
5.32, SD = 1.72). 
Study 8 
Study 8 was similar to Study 7. The only difference was that participants were exposed 
to high and low outcome values in the low, instead of the high, range of the cue. Half 
of the respondents also learned about two high outcome values in the high range of 
the cue. As in Study 7, these additional cue-outcome pairs lay on the least-squares 
regression line and increased the cue-outcome correlation. Applying the same logic as 
in Study 7, we predict that the exposure to those additional cue-outcome pairs will 
lead to underestimation of the outcome in the low cue range. 
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Method 
Participants and Design 
Forty-five undergraduate students participated in the study in exchange for extra 
course credit (Mage = 19.82, SD = 2.38). Participants were randomly assigned to a low or 
a high correlation group. 
Procedure 
The procedure was similar to the procedure used in Study 7. The price-quality pairs in 
the low correlation condition were: (2,1), (2,3), (2,5), (2,7), (2,9), (4,3), (4,4), (4,6), (4,8), 
and (4,9). The two additional price-quality pairs in the high correlation condition were: 
(8,8) and (10,9). As in Study 7, adding these two pairs increases the correlation 
between price and quality from .19 in the low correlation condition to .46 in the high 
correlation condition. 
In the second phase, participants were asked to predict the quality for three 
bottles of wine with selling prices of €2, €3 and €4. If participants take into account the 
cue-outcome correlation when estimating quality, predicted quality should be lower in 
the high than in the low correlation condition. 
Results and Discussion 
The three quality estimations were averaged and subjected to a one-way ANOVA. 
This analysis revealed a main effect of correlation (F(1, 43) = 4.38, p < .05). Participants 
in the high correlation condition (M = 3.57, SD = 1.08) estimated the product quality of 
low-priced wines to be lower than participants in the low correlation condition (M = 
4.28, SD = 1.17). Together, Studies 7 and 8 show that outcome predictions in a high-
error range of the cue are influenced by the overall association strength between cue 
and outcome. Specifically, outcome predictions in a high-error partition are more 
extreme when the cue-outcome correlation is high. These findings pave the way for the 
subsequent studies in which we demonstrate the effect of homo- versus 
heteroscedasticity on quality predictions and product valuation. 
Study 9 
Thus far, we have shown that (a) the perceived correlation between price and quality 
is stronger when error variance is hetero- rather than homoscedastic (Studies 1-4) and 
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(b) a higher perceived correlation between price and quality triggers more extreme 
quality predictions in a high-error price range (Studies 7 and 8). In addition, we have 
argued that people should learn to accurately predict product quality in low-error 
price regions. The goal of Study 9 was to show that if the price-quality relationship is 
positive and error variance is heteroscedastic increasing (decreasing), estimated 
product quality is accurate for lower-priced (higher-priced) brands but overestimated 
(underestimated) for higher-priced (lower-priced) brands. 
Method 
Participants and Design 
One-hundred fourteen undergraduate students took part in the study in exchange for 
course credit (54 females; Mage = 20.30; SD = 2.29). Participants were randomly 
assigned to a homoscedastic, an heteroscedastic increasing or a heteroscedastic 
decreasing error variance condition. 
Procedure 
The study consisted of two phases. The first phase was identical to the experience 
phase of Study 5. In the second phase, participants were presented with 5 low-priced 
(ranging between €5 and €19) and 5 high-priced (ranging between €20 and €34) 
Chilean wine brands that had not been presented before. For each brand, participants 
were asked to enter the quality they anticipated it to have. 
Results 
Anticipated quality was analyzed with a 3 (error variance: homoscedastic vs. 
heteroscedastic increasing vs. heteroscedastic decreasing) x 2 (price range: low vs. 
high) repeated measures ANOVA. This analysis revealed a main effect of price (F(1, 
111) = 272.77, p < .0001), indicating that the predicted quality for high-priced brands 
(M = 63.98, SD = 9.61) was higher than the predicted quality for low-priced brands (M 
= 46.67, SD = 9.63). Crucially, the interaction between price and error variance was also 
significant (F(2, 111) = 4.41, p < .05). We further examined this interaction with follow-
up contrast analyses. For low priced brands, participants in the heteroscedastic 
decreasing condition expected lower quality than participants in the homoscedastic 
condition (t(111) = 2.31, p < .05), while there was no significant difference in 
anticipated quality between participants in the homoscedastic condition and 
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participants in the heteroscedastic increasing condition (t(111) = .53, p > .59). For high-
priced brands instead, participants in the heteroscedastic increasing condition 
expected higher quality than participants in the homoscedastic condition (t(111) = 2.17, 
p < .05), while there was no difference in anticipated quality between the 
homoscedastic condition and the heteroscedastic decreasing condition (t(111) = .98, p > 
.32). See Table 4. 
 
Table 4:  Mean predicted quality ratings and respective standard deviations obtained in Study 9. 
 
Outcome 
Uncertainty 
 
Price range 
  
Low 
 
High 
  
M 
 
SD 
 
M 
 
SD 
 
Homoscedastic 
(n = 39) 
 
48.70 
 
11.70 
 
61.74 
 
13.30 
 
Heteroscedastic 
Increasing 
(n = 37) 
 
47.55 
 
5.58 
 
66.47 
 
7.29 
 
Heteroscedastic 
Decreasing 
(n = 38) 
 
43.72 
 
9.92 
 
63.86 
 
6.08 
Study 10 
In Study 9, participants estimated product quality based on price. The study shows 
that when intrinsic product quality is uncertain, people overestimate (underestimate) 
quality in the high (low) price range if unexplained variance is heteroscedastic 
increasing (decreasing). Oftentimes, however, consumers have information about 
product quality, either because of prior experience or because quality can be easily 
assessed (search goods). The goal of Study 10 is to examine the effect of homo- versus 
heteroscedastic error variance on product valuation (i.e., value for money judgments), 
instead of anticipated product quality. Participants were presented with price-quality 
pairs in an unknown product category during a learning phase. We manipulated 
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between-participants whether outcome uncertainty was heteroscedastic increasing or 
homoscedastic. Participants were then asked to rate the value for money of a new 
product for which both quality and price were known. Because the expected product 
quality for high-priced brands is higher when error variance is heteroscedastic 
increasing than when it is homoscedastic (see Study 9), we predict that participants in 
the heteroscedastic increasing environment will rate the value for money of a high-
priced product lower than participants in the homoscedastic environment. In other 
words, from Study 9 we know that participants in the heteroscedastic increasing 
condition expect more quality from high-priced products than participants in the 
homoscedastic condition. The result should be that participants in the heteroscedastic 
increasing condition find the quality of the target product to be lower than expected, 
leading to a lower value-for-money judgment. Thus, the same offer (with a specific 
price and quality) should be valued less in the heteroscedastic increasing than in the 
homoscedastic condition. 
Method 
Participants and Design 
Fifty-seven undergraduate students  (27 females; Mage = 20.28; SD = 1.67) were 
randomly assigned to a homoscedastic or a heteroscedastic increasing error condition. 
Procedure 
The task structure and learning phase were created similar to Study 6, with the only 
exception that heteroscedasticity was manipulated by increasing (instead of 
decreasing) error variance. At the end of the learning phase, participants were asked to 
evaluate a product with a selling price of €80 and a quality rating of 65 on a scale from 
1 (bad value for money) to 7 (good value for money). This price-quality combination is 
positioned on the objective regression line of quality on price at the high end of the 
price range. 
Results 
A one-way ANOVA on value for money shows that participants in the heteroscedastic 
condition (M = 2.72, SD = 0.70) perceive the product to be of lesser value for money 
than participants in the homoscedastic condition (M = 3.29, SD = 1.12; F(1, 55) = 5.20, p 
< .05). 
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Discussion of Studies 9 and 10 
By demonstrating systematic effects on consumer inferences and judgments, Studies 9 
and 10 underline the risk of ignoring the nature of uncertainty in the marketplace. 
Study 9 shows that, when product quality is unknown to the consumer, 
heteroscedastic uncertainty leads to more extreme quality inferences, relative to a 
homoscedastic scenario. When price and quality are positively correlated and 
uncertainty is heteroscedastic increasing, quality expectations are accurate for low 
prices (i.e., in the low-uncertainty range) but increasingly overestimated for high 
prices (i.e., in the high-uncertainty range). In contrast, when price and quality are 
positively correlated and uncertainty is heteroscedastic decreasing, quality 
expectations are accurate for high prices (i.e., in the low-uncertainty range) but 
increasingly underestimated for low prices (i.e., in the high-uncertainty range). Study 
10 shows that heteroscedasticity influences consumer judgments also when product 
quality is known to the consumer. Relative to a homoscedastic scenario, a high-priced 
product is perceived to be of less value for money when price and quality are 
positively correlated and uncertainty is heteroscedastic increasing. Together, these 
studies emphasize the managerial importance of investigating structural differences in 
uncertainty. 
2.3 General Discussion 
Natural phenomena are typically understood as a function of a systematic and a 
random component. Cognitive scientists studying judgment under uncertainty have 
predominantly focused on the former, for instance by investigating how individuals 
infer different functional forms from a pattern of data. Classic findings include the fact 
that positive relationships are easier to detect than negative ones (Brehmer 1974), and 
that linear patterns are easier to detect than nonlinear ones (DeLosh et al. 1997). In 
contrast, the random component has been the object of a limited body of research, 
mostly focused on how the amount of uncertainty influences function learning (e.g., 
Hagafors and Brehmer 1983). Otherwise, learning literature has considered the error 
component only as a way to enhance the ecological validity of laboratory findings (i.e., 
the common practice of adding random noise to a function). To the best of our 
knowledge, no prior research has investigated how changes in the distribution of the 
error over the range of the cue affect cue-outcome learning. 
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This manuscript demonstrates that homo- versus heteroscedastic outcome 
uncertainty systematically affects covariation judgments and outcome predictions. The 
perceived correlation between a cue and an outcome is stronger when error variance is 
heteroscedastic than when it is homoscedastic (Studies 1-4). This effect occurs 
regardless of whether (a) heteroscedasticity is increasing or decreasing, (b) the cue-
outcome correlation is positive or negative, (c) cue-outcome pairs are presented 
sequentially or simultaneously, and (d) cues and outcomes are labeled as price-quality 
or generically as X-Y. We propose that the effect of the type of uncertainty on 
perceived overall correlations can be traced to the effect of error variance on perceived 
local correlations. Compared to a homoscedastic environment with the same overall 
correlation, heteroscedastic environments feature (a) a low-error cue range in which 
the perceived predictability of the outcome is higher and (b) a high-error cue range in 
which the perceived outcome predictability is similar. This is because reductions in 
error variance have a greater positive impact on perceived local correlations than 
equivalent increases in error variance (Studies 5-6). Linking perceived predictability 
(i.e., perceived correlation) to outcome predictions, the presence of a low-uncertainty 
cue range leads to more extreme outcome predictions in cue ranges in which the 
outcome is more uncertain (Studies 7-8). For example, when the price-quality 
relationship is positive and uncertainty about quality is heteroscedastic and increasing 
(decreasing), quality is predicted accurately in the low (high) price range but 
overestimated (underestimated) in the high (low) price range (Study 9). Further 
demonstrating the importance of the nature of uncertainty, product valuations are also 
affected by homo- versus heteroscedastic outcome uncertainty (Study 10). 
2.3.1 Contributions, implications, and future research  
This paper makes a number of contributions to the cue learning literature. First, we 
demonstrate that the type of uncertainty (instead of the amount) has consequences for 
human learning. This area of research is rife with opportunities. For example, research 
is needed to unravel the cognitive processes underlying the effect of homo- versus 
heteroscedastic outcome uncertainty (e.g., controlled vs. automatic, rule-based vs. 
exemplar-based, etc.). Second, we show that humans encode local differences in 
association strength. We examined individuals’ sensitivity to changes in local 
correlations by manipulating homo- versus heteroscedasticity. A promising area for 
future research is to explore local correlations in other contexts such as nonlinear 
functions or different types of heteroscedasticity (e.g., diamond-shaped vs. hourglass-
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shaped heteroscedasticity). Third, we established the influence of outcome uncertainty 
on outcome predictions of continuous variables. That is, when generating outcome 
predictions individuals conflate outcome predictability (i.e., correlation) with the 
expected level of the outcome. Building on existing research on contingency learning 
(Lagnado and Shanks 2002), future research should further examine the consequences 
of flawed intuitive understanding of statistics and its effects on decision making.  
The paper also makes a number of contributions specific to consumer research 
and marketing. First, at the epistemic level, our research provides a new perspective 
on the dissociation between the (objective) price-quality relationship observed in the 
marketplace and (subjective) price-quality beliefs held by consumers. A consistent 
finding documented in the price-quality literature is that the subjective association is 
relatively strong, while the objective relationship is weaker (Rao and Monroe 1989; 
Tellis and Wernerfelt 1987). A consequence of this overestimation of the objective 
price-quality relationship is that consumers tend to rely too much on price to infer 
quality, often leading to higher price acceptability and overspending (Lichtenstein et 
al. 1988; Ofir 2004). Our research suggests that the prevalence of heteroscedasticity in 
the marketplace may partly explain this finding. When uncertainty is homoscedastic, 
local correlations in different price segments are equal to each other and equal to the 
overall correlation. However, when uncertainty is heteroscedastic, local correlations 
are different in different price segments and, because of the decreasing and 
decelerating effect of error variance on local correlations, the average of local 
correlations is higher than the overall correlation. Sensitivity to local correlations, 
instead of the overall correlation, together with the prevalence of heteroscedasticity in 
the marketplace, may thus help explaining why the objective correlation between price 
and quality is oftentimes overestimated.  
Second, this paper has consequences for pricing. Two common pricing 
strategies are price penetration and price signaling (Tellis 1986). Price penetration 
refers to setting prices below competitors in the same market either to gain market 
share or to drive competitors out of the market. Price signaling instead refers to the 
strategic use of price to signal product quality, and therefore entails setting relatively 
high prices. Our findings suggest that, ceteris paribus, price signaling should be a more 
effective strategy in heteroscedastic than in homoscedastic markets. This is because 
price signaling relies on consumers believing in a positive association between price 
and quality. Our research shows that this is more so under heteroscedastic outcome 
uncertainty. Price penetration, on the other hand, should be relatively more effective in 
 40 
homoscedastic than in heteroscedastic markets. This is because under heteroscedastic 
outcome uncertainty a decrease in price results in a larger decrease in perceived 
quality, which may deter consumers from buying low-priced brands. 
Third, our studies show that the level of quality that consumers expect from 
brands in a specific price segment does not only depend on the quality of competing 
brands within that price segment, but also on the quality of brands in other price 
segments (Studies 7-8). For example, the confusion between correlation and slope 
reviewed above implies that the presence of a price range in which quality can be 
accurately predicted from price (e.g., because of the existence of several low-price, 
low-quality offerings) will lead consumers to make more extreme predictions of 
quality for products in other price ranges. This may in turn influence consumers’ post-
purchase satisfaction for these products (Study 10).  
Fourth, because for high-priced brands the expected quality is relatively 
higher when heteroscedasticity is increasing (Study 9), managers of luxury brands in 
heteroscedastic increasing product categories should devote extra effort to maintain 
high quality standards in order to keep customer satisfaction up. Instead, in 
heteroscedastic decreasing product categories, managers of low-priced brands may get 
away with lower quality standards because in this case consumers have lower quality 
expectations. From a substantive point of view, future research should focus on the 
prevalence of heteroscedasticity in the marketplace, as well as its antecedents (i.e., the 
factors that explain differences in outcome uncertainty across markets) and 
consequences (i.e., impact of heteroscedasticity on price quality beliefs or on market 
shares).  
2.3.2 Conclusion  
Many, if not most, cue-outcome associations relevant to people’s everyday lives 
display patterns of uncertainty that violate the assumption of homoscedasticity. 
Besides its relevance for marketing, heteroscedasticity may be important in many other 
contexts. For instance, the relationship between income and crime rate is 
heteroscedastic decreasing (more uncertainty when income is low than when income is 
high) and negative (the higher the income, the less crime; Mladenka and Hill 1976). 
Based on our theory, one would expect a bias towards overestimating crime among 
low-income people. In a legal decision making context, this bias may lead judges’ and 
juries’ to over-sentence low-income suspects. In a similar vein, heteroscedasticity may 
bias medical diagnosis (e.g., smoking and tobacco toxin exposure; Joseph et al. 2005), 
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human resource management (e.g., intelligence and job performance; Kahneman and 
Ghiselli 1962), and policy making (e.g., violence in movies over time; Yokota and 
Thompson 2000). Heteroscedasticity is thus likely to be an important factor explaining 
why and how erroneous beliefs and stereotypes come into being in many judgment 
domains and persist over time. 
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Chapter 3. The Effects of Process and Outcome 
Accountability on Judgment Process and 
Performance7  
 
Helping people to make better judgments and decisions is a prime purpose of research 
in organizational behavior and human decision making. Several authors have 
documented positive effects of raising the stakes for decision makers by holding them 
accountable (Arkes, 1991). For example, it has been shown that accountability makes 
professional auditors more accurate in judging the financial quality of industrial bond 
issues (Ashton, 1992), reduces primacy effects in person impression formation 
(Tetlock, 1983), eliminates the fundamental attribution error (Tetlock, 1985), reduces 
self-enhancement (Sedikides, Herbst, Hardin, & Dardis, 2002), and reduces sunk cost 
effects (Fennema & Perkins, 2008; Simonson & Nye, 1992). Accountability is a social 
factor that can be externally imposed and is therefore particularly useful to avoid 
judgment errors based on suboptimal cognitive predispositions or abilities of the 
individual decision maker (Payne, Bettman, & Johnson 1993). 
Accountability, however, is not a unitary phenomenon and can be 
implemented in at least two ways (Lerner & Tetlock, 1999). Sometimes people are 
evaluated based on the outcomes of their decisions (i.e., outcome accountability). For 
example, many professional investors are evaluated based on the monetary outcomes 
of their decisions, regardless of whether they came to their decisions based on solid 
understanding and analysis or not. In other situations, people are evaluated not so 
much on the outcomes of their decisions, but need to justify the process that underlay 
those decisions (i.e., process accountability). Thus, under process accountability the 
investor would be evaluated solely on how an investment portfolio was chosen, 
regardless of whether it proved to be profitable. Academic research has shown that 
increasing process accountability leads to superior judgment quality in a variety of 
                                                             
7 This chapter is forthcoming in Organizational Behavior and Human Decision Processes. Please cite as: de 
Langhe, Bart, Stijn van Osselaer, and Berend Wierenga (2011), “The Effects of Process and Outcome 
Accountability on Judgment Process and Performance,” Organizational Behavior and Human Decision 
Processes, forthcoming. 
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tasks (Ashton, 1992; De Dreu, Beersma, Stroebe, & Euwema, 2006; Chaiken, 1980; 
Hagafors & Brehmer, 1983). In addition, research indicates that outcome 
accountability, despite its prevalence in managerial practice, can have negative effects 
on performance (Arkes, Dawes, & Christensen, 1986; Siegel-Jacobs & Yates, 1996). The 
divergent effects on performance of process accountability versus outcome 
accountability have been confirmed among students participating in experimental 
research (Brtek & Motowidlo, 2002; Siegel-Jacobs & Yates, 1996; Simonson & Staw, 
1992), but also in real-life settings, for example among purchasing professionals who 
were members of the National Association of Purchasing Management (Doney & 
Armstrong, 1996). Thus, empirical findings suggest that to help people make better 
judgments and decisions, process accountability is consistently more desirable and 
uniformly superior to outcome accountability (see Slaughter, Bagger, & Li, 2006, for a 
lone exception).  
The origins of a negative effect of outcome accountability on judgmental or 
decision performance have, to the best of our knowledge, not seen any direct empirical 
investigation. However, indirect evidence relying on Janis and Mann’s (1977) Conflict 
Theory suggests that outcome accountability’s detrimental influence may be due to an 
increase in decision stress and a narrowing of attention that does not occur with 
process accountability (Brtek & Motowidlo, 2002; Lerner & Tetlock, 1999; Siegel-Jacobs 
& Yates, 1996; Simonson & Staw, 1992). 
The beneficial effects of process accountability are attributed to greater 
attention to the problem at hand, better encoding and retrieval of information, and 
more even-handed and consistent use of available information. For example, Brtek and 
Motowidlo (2002) found that process accountable participants, relative to outcome 
accountable participants, gave more accurate judgments of managers’ leadership 
potential based on an interview. This effect was mediated by an attentiveness score 
reflecting attention to the interview, alertness of posture, note taking, and 
thoughtfulness after the interview. De Dreu, Beersma, Stroebe, and Euwema (2006) 
found that process accountable participants recalled more distinct negotiation tactics 
from a description of a group discussion scenario than participants who were not held 
accountable. Process accountable participants in a pretest by Scholten, van 
Knippenberg, Nijstand, and De Dreu (2007) reported that in an upcoming group 
discussion they would strive for thorough and balanced decisions, would think deeply 
before reaching a judgment, and thought that thinking through every possibility 
would be more important than making efficient decisions. Siegel-Jacobs and Yates 
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(1996) found that process accountable participants were more consistent and better 
calibrated in their judgments than outcome accountable participants. 
Jointly, these prior inquiries suggest that process accountability has a 
universal and uniform positive effect on cognitive processing and judgment quality 
relative to outcome accountability. However, it is possible that the effect of process 
versus outcome accountability is more specific. In this article, we argue that process 
and outcome accountability do not affect all cognitive processes to the same extent. 
Specifically, we establish that process accountability (versus outcome accountability) 
boosts the use of a cue abstraction process but not exemplar-based processing. Because 
cue abstraction is not equally effective in all situations (Juslin, Karlsson, & Olsson, 
2008; Olsson, Enkvist, & Juslin 2006), the superiority of process accountability over 
outcome accountability is not as uniform as previous results would suggest.  
In the next section of this article, we describe two cognitive processes based on 
different memory representations that can be used to make judgments (i.e., cue 
abstraction and exemplar-based processing). We then elaborate on the impact of using 
these processes on judgment quality in different types of tasks. Subsequently, we 
relate process and outcome accountability to differential use of the two cognitive 
processes. Finally, we generate predictions regarding the impact of holding people 
process versus outcome accountable on judgment quality in different types of tasks. 
These predictions are tested in three experimental studies using a multiple-cue 
learning paradigm.  
3.1 Theory 
3.1.1 Judgment Based on Cue Abstraction and Exemplar Memory 
Two cognitive processes based on different memory representations have taken a 
central place in the cognitive science literature over the past few decades, (1) an 
analytical cue abstraction process based on abstract knowledge about the relationship 
between individual features of a stimulus and an outcome to be judged and (2) a more 
holistic exemplar-based process based on concrete representations of previously-
encountered stimulus-outcome configurations (e.g., Erickson & Kruschke, 1998; Hahn 
& Chater, 1998; Juslin et al., 2008; Pothos, 2005; Smith & Sloman, 1994). 
To illustrate this distinction, consider the case of two experts (Expert A and 
Expert B) trying to predict the commercial success of a new type of mobile phone. 
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Expert A argues that, because the phone has a long battery life (i.e., a positive feature) 
but the software is not user-friendly (i.e., a negative feature), it is likely to be 
moderately successful. Expert B agrees with this prediction, because the new phone is 
similar to a specific phone that was launched a couple of months ago, and that earlier 
phone has proven to be moderately popular among consumers. Although Expert A 
and Expert B arrived at the same prediction, their judgments can be traced to 
informational inputs of a fundamentally different nature. Whereas the prediction of 
Expert A is based on abstract information relating individual features of the phone to 
commercialization success (i.e., knowledge about individual cue-outcome relations), 
the prediction of Expert B is based on the storage and retrieval of previously launched 
phones together with their respective commercialization success (i.e., knowledge about 
exemplars made up of a configuration of cues and their relationships with an 
outcome). Judgments based on cue-outcome information involve the abstraction and 
representation of “mental rules” that relate individual attributes of a stimulus to an 
outcome to be judged. At the time of judgment, each cue is selectively attended to, its 
relation to the outcome is considered, and the judgment results from an additive 
integration of the independent effects of each cue on the outcome (e.g., Einhorn, 
Kleinmuntz, & Kleinmuntz, 1979; Juslin, Jones, Olsson, & Winman, 2003; Juslin et al., 
2008; Juslin, Olsson, & Olsson, 2003). Judgments based on exemplar-outcome 
information, on the other hand, depend on the holistic storage of stimuli (i.e., a 
configural pattern of cues) and their respective outcome values in long term memory. 
Judgments are constructed by assessing the overall similarity of the stimulus under 
consideration to the stimuli that are stored in memory, with relatively more similar 
stimuli having a greater influence on the final judgment (e.g., Juslin et al., 2008; Medin 
& Schaffer, 1978; Nosofsky, Shin, & Clark, 1989).  
3.1.2 Effects of Two Cognitive Processes on Judgment Quality in Different Tasks 
Crucially, both types of information are not equally adaptive for judgment in all task 
environments. Knowledge about individual cue-outcome relations is only useful in 
elemental task structures. These are task structures in which the true outcome can be 
relatively well approximated by a linear additive combination of cue values, i.e. tasks 
where individual cues are elementally and linearly related to the outcome to be 
predicted. For example, cue abstraction should work well when cell phone weight has 
a consistent negative relationship with the success of cell phones in the market (higher 
weight means less success and this relationship is constant over the whole range of 
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realistic weights). However, knowledge about individual cue-outcome relations is not 
useful in configural task structures. These are task structures in which cues interact 
with each other to predict the outcome. In tasks where cues are related to the outcome 
in a configural way judgments based on cue-outcome relations allow at best only for a 
linear additive approximation of the outcome values (Juslin et al., 2008; Olsson et al., 
2006). For example, cue abstraction should work badly when flashy colors are 
positively related to market success when combined with MP3 player functionality but 
negative when combined with more business-like features such as an extra-powerful 
battery. 
Exemplar-based knowledge does not suffer from this constraint and is a 
useful source of information in any task structure, provided that similar instances have 
similar outcomes (Juslin et al., 2008). As a result, whereas both reliance on cue-
outcome information and reliance on exemplar-outcome information enhance 
judgment quality in elemental tasks, only reliance on exemplar-outcome information 
remains equally adaptive in configural tasks. Thus, cue abstraction becomes less 
beneficial as task structures become more configural. 
3.1.3 Accountability and Cue Abstraction 
To the best of our knowledge, no previous research has even considered the possibility 
that process accountable and outcome accountable judges differ in the extent to which 
judgment is formed based on cue abstraction versus exemplar memory.  
Early research using multiple-cue learning paradigms has found that process 
accountable participants outperform control participants in predicting an outcome 
value that is related in an elemental (i.e. linear additive) way to some predictive cues 
(Ashton, 1992), and that relative to a control group, the judgments of process 
accountable participants in elemental tasks can be better approximated by linear 
additive regression models (Hagafors & Brehmer, 1983; Weldon & Gargano, 1988). 
However, since an elemental task structure can also be successfully acquired by an 
exemplar-based process, it cannot be concluded from these studies that an increase in 
cue abstraction accounts for the improvement in judgment quality. 
De Dreu and his colleagues have argued in an impressive series of social-
psychological articles that process accountability increases epistemic motivation which 
promotes effortful and systematic information processing (De Dreu et al., 2006; De 
Dreu & Carnevale, 2003; De Dreu, Koole, & Steinel, 2000; De Dreu, Nijstad, & van 
Knippenberg, 2008; Scholten et al., 2007). To the extent that the abstraction of cue-
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outcome information requires a more effortful and systematic analysis of a judgment 
task, this research might be taken to suggest that process accountability promotes cue 
abstraction. However, the mapping of systematic, effortful processing on cue 
abstraction versus exemplar-based processing is far from unambiguous. For example, 
recall is widely used as a measure of systematic information processing (De Dreu et al., 
2006; Petty & Cacioppo, 1986) but is evidently also a mainstay of exemplar-based 
processing (e.g., Juslin & Persson, 2002; van Osselaer, Janiszewski, & Cunha, 2004). 
Regarding the association between outcome accountability and cue 
abstraction, research by Arkes et al. (1986) may be taken to suggest that outcome 
accountability decreases the likelihood that people consistently base their judgments 
on linear additive rules. In this research, participants were asked to judge whether a 
student graduated with or without honors based on information about the student’s 
grades for three randomly selected courses. Participants were told that they would be 
accurate 70% of the time by guessing “honors” when a student has two or three A’s 
and guessing “not honors” when a student has zero or one A. Participants who were 
evaluated and incentivized based on the accuracy of their predictions (i.e. those who 
were held outcome accountable) were more likely to step away from following the 
linear additive rule, and therefore performed relatively worse than control 
participants. This study may tell us more about rule compliance and the possibility 
that outcome accountable participants set out to find new, better rules. Nevertheless, it 
may also suggest that outcome accountability made participants decrease their reliance 
on cue abstraction. 
Combining insights from these studies, we hypothesize that process 
accountability (relative to outcome accountability) stimulates cue abstraction. 
3.1.4 Accountability and Exemplar-Based Processing 
Previous research has also not considered the potential consequences of process and 
outcome accountability for exemplar-based processing. Because there is no consensus 
to date about the extent to which exemplar-based reasoning benefits from or is 
deteriorated by increased attention (Neal, Hesketh, & Andrews, 1995), it is difficult to 
make unambiguous predictions with regard to this matter. Under the assumption that 
exemplar-based processing does not just require basic attentiveness to stimuli but also 
the effortful encoding, storage and retrieval of exemplars (e.g., PROBEX; Juslin & 
Persson, 2002), process accountability is likely to boost it considerably, as process 
accountability has been shown to increase attention, encoding and retrieval of 
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information (De Dreu et al., 2006). To the extent that this motivational effect is stronger 
for process than outcome accountability, this would lead to an exemplar-based 
processing advantage for process over outcome accountable people. However, even in 
this case extra effort may have a stronger beneficial effect on the abstraction of rules 
than on the storage of exemplars as the former is likely to be more cognitively 
involved than the latter (Patalano, Smith, Jonides, & Koeppe, 2001). 
Alternatively, if exemplar-based processing is a largely automatic cognitive 
process and merely requires basic attention to the stimuli (e.g., MINERVA-DM; 
Dougherty, Gettys, & Ogden, 1999), neither process nor outcome accountability is 
likely to boost it significantly. Some research even hints that process accountability 
may be harmful for exemplar-based processing (Reber, Kassin, Lewis, & Cantor, 1980; 
Wilson, Dunn, Kraft, & Lisle, 1989). For instance, social-psychological inquiries suggest 
that introspection in the form of thinking about reasons can reduce (1) attitude-
behavior consistency (Wilson, Dunn, Bybee, Hyman, & Rotondo, 1984), (2) agreement 
with expert opinion (Wilson & Schooler, 1991), and (3) post-choice satisfaction (Wilson 
et al., 1993). As an instruction to analyze one’s reasons is closely related to a 
justification requirement for one’s decision process, these findings imply that process 
accountability may be detrimental in some circumstances. One of the follow-up papers 
exploring the mechanism underlying these effects is of particular interest because it 
benchmarks performance of participants instructed to analyze their reasons against a 
group of participants instructed merely to remember past instances (Wilson, Hodges, 
& Lafleur, 1995), the latter closely resembling exemplar-based reasoning instructions 
(Olsson et al., 2006). In the first study of this paper, participants were asked to form an 
impression about a target person based on a list of 14 descriptions of that person. 
Afterwards, participants were primed with positive or negative thoughts about the 
target person and were instructed either to analyze their reasons for why they liked or 
disliked the target person, or to recall as many as possible past behaviors of the target 
person. Whereas participants in the recall condition relied more on the impression 
they formed initially about the target person, participants in the reasons condition 
were much more influenced by the thoughts that were made accessible by the priming 
manipulation. While the conceptual and methodological overlap between this line of 
research and our research is partial at best, it hints that process accountable 
participants (like people instructed to analyze reasons in the Wilson studies) may rely 
less on instances that were previously stored in memory (i.e., initial impression about a 
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person or attitude towards an object in the Wilson studies), but engage in a blind and 
unsuccessful search for elemental cue-outcome effects. 
In sum, it is difficult to make specific predictions regarding the effects of 
process versus outcome accountability on exemplar-based processing, but most of the 
admittedly only remotely related research would suggest that the superiority of 
process over outcome accountability would be smaller or even reversed for exemplar-
based processing relative to cue abstraction. 
3.1.5 The Resulting Effects of Accountability on Judgment Quality in Different Tasks 
Existing research has documented seemingly-universal positive effects of process 
accountability relative to outcome accountability on judgment quality. However, a 
more fine-grained analysis of the processes that are likely to drive people’s judgments 
and decisions suggests that the superiority of process over outcome accountability 
may depend on the nature of the judgment or decision task at hand. We predict that 
process accountability (relative to outcome accountability) boosts a cue abstraction 
process whereas it may leave an exemplar-based process unaffected. This cue 
abstraction process should be beneficial for judgment quality when cues have 
elemental (i.e., additive, main) effects on an outcome-to-be-judged. However, cue 
abstraction should not ameliorate judgment performance when cues have configural 
(i.e., multiplicative, interaction) effects on the outcome-to-be-judged. Thus, we predict 
that the superiority of process over outcome accountability for judgment quality 
becomes smaller as judgment tasks become more configural. The main purpose of 
Study 1 was to empirically verify this prediction. 
3.2 Empirical Studies 
Study 1 
Process or outcome accountable participants engaged in a multiple-cue learning task 
in which they learned to predict the popularity (i.e., the outcome) of EasyPhones8 that 
differed with regard to three binary cues: color (blue vs. red), shape (tall vs. wide), and 
number of buttons (four vs. five). Over a number of trials participants were presented 
                                                             
8 EasyPhones are mobile phones designed for elderly people and/or people with bad eyesight. With 
their distinctive big buttons, EasyPhones are easy to grip and simple to use. 
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with pictures of EasyPhones. In each trial they were asked to predict the popularity 
among groups of elderly consumers of the phone that was presented to them. After 
having made a prediction, outcome feedback was provided regarding the “actual” 
popularity of the presented EasyPhone. This enabled participants to learn from their 
experience and improve the quality of their predictions over time. 
The elemental or configural nature of the task was manipulated by altering, 
between-participants, the mathematical formula relating the features of the 
EasyPhones to the popularity scores (i.e., the cue-outcome function). In the elemental 
task structure, the cue-outcome function was constructed such that the cues had only 
orthogonal linear effects on the popularity scores, whereas the cue-outcome function 
in the configural task was set up such that there were no independent but only 
configural effects of the cues on the popularity scores.  
Furthermore, Study 1 explored how accountability type and the resulting 
judgment quality in elemental and configural tasks are related to a participant’s 
epistemic motivation during the judgment task. Epistemic motivation is the need to 
achieve a thorough, rich, and accurate understanding of a decision problem and fuels 
systematic and effortful information processing (De Dreu et al., 2006; Kruglanski, 
1989). Earlier research, mostly adopting group paradigms, has consistently shown that 
process accountability stimulates epistemic motivation (De Dreu et al., 2008). 
However, as we argued above, the influence of epistemic motivation on cue 
abstraction and exemplar memory is unclear, making it hard to predict how epistemic 
motivation is related to judgment quality in elemental and configural tasks. Because 
epistemic motivation is closely related to an individual’s need for cognition (Cacioppo 
& Petty, 1982; De Dreu et al., 2008), epistemic motivation during the judgment task 
was assessed by measuring participants’ situation-specific rational thinking style or 
need for cognition with a previously validated questionnaire (Novak & Hoffman, 
2009).9 The effects of process and outcome accountability on epistemic motivation and 
the subsequent impact on judgment quality in elemental and configural task structures 
were explored using a mediated moderation analysis (Muller, Judd, & Yzerbyt, 2005).  
                                                             
9  This scale is based on the rationality subscale of the Rational-Experiential Inventory (Pacini & 
Epstein, 1999), which is in turn adapted from the Need for Cognition scale (Cacioppo, Petty, & Kao, 
1984). Whereas the rationality subscale of the Rational-Experiential Inventory is a measure of 
individual differences in dispositional tendencies to adopt a rational thinking style (i.e., a trait 
measure), the situation-specific rational thinking style measures an individual’s momentary thinking 
orientation in a specific situation (i.e., a state measure). 
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Method 
Participants and Design 
The study used a 2 (accountability type: process vs. outcome) × 2 (task structure: 
elemental vs. configural) between-participants design. Participants were 131 
undergraduate students who received course credits in return for their participation 
(Mage = 20.63, SDage = 1.80; 27 females). 
Procedure 
Participants were assigned to individual cubicles. Computer-based instructions 
mentioned that the study investigated how people learn from experience and that 
participants would have to learn to predict the popularity of several EasyPhones 
among a group of elderly consumers. To encourage participants to discount pre-
existing beliefs about the attractiveness of different mobile phone features, EasyPhones 
were described as a completely new product category specifically targeting a special 
population of elderly consumers.  
Right before engaging in the prediction task, participants were informed that 
they would be evaluated. Process accountable participants were told that their 
evaluation would be based on their judgment strategy rather than on the accuracy of 
their predictions. They were notified that, to assess the quality of their decision 
process, upon completion of the prediction task they would be interviewed and asked 
to justify how they went about making their predictions. Outcome accountable 
participants were informed that their evaluation would be based only on the accuracy 
of their predictions. All participants were told that an evaluation score would be 
computed. Process accountable participants were told that this score would be based 
on the quality of the justification they provided for their judgment process. Outcome 
accountable participants were told that the evaluation score would be based on the 
accuracy of their predictions. To further enhance accountability, all participants were 
asked to sign a form granting permission to share their evaluation score with other 
participants and instructors once the entire experiment had been completed. This 
manipulation of process versus outcome accountability is similar to prior 
manipulations of process and outcome accountability (Siegel-Jacobs & Yates, 1996; 
Simonson & Staw, 1992). 
The prediction task consisted of 120 trials. On each trial, a picture of an 
EasyPhone was presented and participants were asked to predict the popularity 
(expressed as a score ranging from 0 to 8). Upon entering a prediction, feedback about 
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the real popularity of the EasyPhone was provided. The EasyPhones differed with 
regard to 3 binary cues (color, shape, and number of buttons), leading to a total 
number of 8 different EasyPhones. Each EasyPhone was presented 15 times, and the 
presentation order of the EasyPhones was randomized with the restriction that each 
EasyPhone occurred once within each block of 8 trials.  
 Task structure (elemental vs. configural) was manipulated between-
participants by altering the cue-outcome function form relating the EasyPhone features 
to the popularity scores. In the elemental task structure, popularity (POPE) was a 
linear, additive function of 3 binary cues (C1, C2, and C3), in which the cues can take on 
values of 0 and 1: 
 
POPE = 1 + 3 × C1 + 2 × C2 + 1 × C3 + Random, (Equation 6) 
 
Thus, each individual cue had a positive, linear effect on the popularity scores 
and the relative weight of each cue was different. Color (blue or red), shape (thick or 
thin) and number of buttons (four or five) were randomly assigned to the abstract 
cues, such that the importance of the different EasyPhone features varied across 
participants. In the configural task structure, there were no independent linear effects 
of cues on popularity scores. This was achieved by subjecting the outcomes in the 
elemental task to a quadratic transformation (cf. Olsson et al., 2006): 
 
POPC = – 2/3 × (POPE-4)2 + 7 + Random  (Equation 7) 
 
Table 5 provides an overview of the task structures. As can be seen, the 
popularity scores in the elemental task can be produced by summing the independent 
effects of the cues on the outcome, while this is not possible in the configural task 
structure. A normally and independently distributed random error component was 
added to the popularity scores, with a variance chosen such that the multiple 
correlation between cues and associated popularity scores was around 0.90. In both 
task structures, the random error component was restricted such that outcome values 
ranged from 0 to 8. 
Epistemic motivation during the prediction task was assessed by 
administering a questionnaire consisting of 10 statements at the end of the study. The 
questionnaire was based on Novak and Hoffman’s (2009) situation-specific rationality 
scale. The wording of the items was slightly adapted in order to fit the specifics of the 
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prediction task. Items were for example, “I tackled this task systematically”, and “I 
was very focused on my thinking strategy to arrive at my predictions”. Participants 
indicated on a scale from 1 (definitely false) to 5 (definitely true) to what extent these 
statements were true or false with regard to their judgment strategy in the prediction 
task. The scale proved to be reliable (α = .83), hence an overall index of epistemic 
motivation was computed by averaging a participant’s responses over all items. 
 
Table 5:  The elemental and configural task structure used in Study 1. 
EasyPhone Cue Outcome 
# C1 C2 C3 POPE POPC 
1 1 1 1 7 1 
2 1 1 0 6 4.3 
3 1 0 1 5 6.3 
4 1 0 0 4 7.0 
5 0 1 1 4 7.0 
6 0 1 0 3 6.3 
7 0 0 1 2 4.3 
8 0 0 0 1 1.0 
Note. POPE = 1 + 3 × C1 + 2 × C2 + 1 × C3; POPC = – 2/3 × (POPE-4)2 + 7. 
 
As a measure of judgment quality, the Root Mean Square Error (RMSE) 
between predicted and real popularity scores was computed. This was done for every 
participant for each of the 15 blocks. An overall index of judgment quality was then 
computed collapsing the RMSEs over the 15 blocks. Hence, in the analyses below 
lower scores reflect smaller judgment errors and higher judgment quality. 
Results and Discussion 
To verify that learning occurred over time, a repeated-measures analysis compared 
judgment error in the first block of trials with judgment error in the last block of trials. 
This analysis confirmed a significant decrease in judgment error in both the elemental 
task, F(1,61) = 169.62, p < .01, and the configural task, F(1,66) = 10.56, p < .01 (all p-
values in this article are based on two-sided tests).  
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The link between accountability type, epistemic motivation and judgment 
quality, was explored by estimating three regression models (see Table 6). The first 
model regressed judgment error on accountability type, task structure, and the 
interaction between both factors. This analysis yielded a main effect of task structure 
(β12), F(1,127) = 330.21, p < .01, such that judgment error was smaller in the elemental 
task (M = 1.37, SD = 0.32) than in the configural task (M = 2.35, SD = 0.31). This finding 
validates previous research indicating that elemental and linear relations are generally 
learned more easily than configural and nonlinear relations (Mellers, 1980; Sheets & 
Miller, 1974). Crucially, the regression also revealed a significant interaction between 
accountability type and task structure (β13), F(1,127) = 5.18, p < .05, indicating that the 
effect of accountability type on judgment error differs across task structures. Follow-
up contrasts established that process accountable participants made more accurate 
predictions than outcome accountable participants in the elemental task, t(127) = -2.67, 
p < .05, while there was no difference in judgment accuracy in the configural task, 
t(127) = 0.51, p > .61. The overall main effect of accountability type was not significant 
(β11), F(1,127) = 2.47, p > .11. Figure 8 illustrates this pattern of results. The 
manipulation of the elemental versus configural nature of the multiple-cue judgment 
task used in this study is crucial. Prior research has only considered elemental tasks 
and documented positive effects of process accountability (Ashton, 1992; Siegel-Jacobs 
& Yates, 1996). The current study confirms the positive effect of process accountability 
on judgment performance in an elemental task, but additionally shows that this 
positive effect cannot be generalized to configural task structures. 
Better performance for process accountable than for outcome accountable 
participants in the elemental task combined with equal performance in the configural 
task suggests that the difference in judgment error in the elemental task can be traced 
to superior cue abstraction among process accountable participants. Indeed, if the 
improved judgment quality in the elemental task had been due to improved exemplar-
based processing a significant difference in judgment quality should have been 
observed in the configural task too, because exemplar-based processing facilitates 
learning of configural relations (as well as elemental relations). This was not the case, 
signaling that the improved performance among process accountable participants in 
the elemental task cannot be explained by superior exemplar-based processing, but is 
likely due to better cue abstraction among process accountable participants.  
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Figure 8: Task structure by accountability type interaction effect on judgment error in Study 1. 
 
 
The second model regressed self-reported epistemic motivation during the 
prediction task on accountability type, task structure, and their interaction. This 
analysis revealed a main effect of accountability type (β21), F(1,127) = 8.72, p < .01, and 
a main effect of task structure (β22), F(1,127) = 10.51, p < .01, in the absence of an 
interaction between the two factors (β23; p > .26). As expected based on existing 
literature (e.g., Scholten et al., 2007), process accountable participants (M = 3.82; SD = 
0.49) showed a greater motivation to engage in thorough and systematic information 
processing relative to outcome accountable participants (M = 3.54; SD = 0.66), 
regardless of the elemental or configural nature of the task. Moreover, participants in 
the elemental task structure (M = 3.84; SD = 0.66) showed greater epistemic motivation 
relative to participants in the configural task structure (M = 3.53; SD = 0.50), 
irrespective of whether they were held outcome or process accountable.10 
 
                                                             
10 This main effect of task structure suggests that epistemic motivation is closely related to cue 
abstraction. Indeed, previous research has shown that people adaptively shift from cue abstraction to 
exemplar memory depending on the structural properties of the task, for instance as tasks become 
more configural or nonlinear (Juslin et al., 2008; Olsson et al., 2006). The parallel observation that 
epistemic motivation is lowered in configural tasks therefore suggests that epistemic motivation is 
more closely related to cue abstraction than it is to exemplar-based processing.  
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Table 6:  Results for the mediated moderation analysis in Study 1. 
 Model 1 
DV = Judgment 
Error 
Model 2 
DV = EM 
Model 3 
DV = Judgment 
Error 
Predictors β F β F β F 
 AT -0.042 
(β11) 
2.46 0.146 
(β21) 
8.70** -0.020 
(β31) 
0.56 
TS -0.492 
(β12) 
330.15* 0.160 
(β22) 
10.50** -0.472 
(β32) 
303.80** 
AT x TS -0.062 
(β13) 
5.20** 0.055 
(β23) 
1.25 -0.041 
(β33) 
2.34 
EM     -0.112 
(β34) 
6.10* 
EM × TS     -0.095 
(β35) 
3.96* 
Note. AT = Accountability Type; TS = Task Structure; EM = Self-Reported Epistemic 
Motivation; * p < .05; ** p < .01. 
 
To verify whether the interactive effect of accountability type and task 
structure on judgment quality was mediated by epistemic motivation, a third model 
regressed judgment quality on accountability type, task structure, their interaction (see 
the first regression model), as well as epistemic motivation and the interaction 
between epistemic motivation and task structure. This analysis showed an interaction 
effect between epistemic motivation and task structure (β35), F(1,125) = 3.97, p < .05, 
indicating that higher epistemic motivation is associated with better judgment quality 
in elemental task structures, F(1,61) = 19.30, p < .01, but not in configural task 
structures, F(1,66) = 0.04, p > .84. This result supports our reasoning that epistemic 
motivation drives cue abstraction, but not reliance on exemplar memory. Crucially, 
unlike in the first regression model, the interactive effect of accountability type and 
task structure on judgment quality was no longer significant (β33), F(1,125) = 2.35, p > 
.12. Jointly, the results of these three regression models indicate that the differential 
effect of accountability type on judgment error in elemental and configural task 
structures is mediated by epistemic motivation (see Table 6; Muller et al., 2005). 
In sum, results in Study 1 confirm that the superiority of process over 
outcome accountability for judgment quality becomes smaller as judgment tasks 
become more configural. Indeed, we found no significant advantage of process over 
outcome accountability in a purely configural task. Moreover, three regression 
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analyses revealed a pattern of mediated moderation. Process accountability 
instructions increase epistemic motivation relative to outcome accountability 
instructions in both elemental and configural tasks. This increase in epistemic 
motivation however only enhances judgment quality in elemental tasks. These results 
substantiate the idea that process accountability and epistemic motivation facilitate cue 
abstraction but not exemplar-based processing. Because only exemplar-based 
processing but not cue abstraction is adaptive in configural task structures (Juslin et 
al., 2008; Olsson et al., 2006), the beneficial impact of process accountability and 
epistemic motivation on learning is not generalizable to the acquisition of configural 
cue-outcome relations. 
Study 2 
The main finding in Study 1 was that the superiority of process accountability over 
outcome accountability was restricted to the learning of elemental, linear cue-outcome 
effects. The goal of Study 2 was twofold. First, we wanted to replicate the interaction 
effect between accountability type and task structure on judgment error and, second, 
provide additional converging evidence that cue abstraction underlies the learning of 
elemental but not configural cue-outcome relationships. For this purpose, a shortened 
version of Raven’s Standard Progressive matrices was administered (Raven, 1938). 
This test was selected because (1) it is widely used as a measure of analytical reasoning 
ability in both applied and research settings (Prabhakaran, Smith, Desmond, Glover, & 
Gabrieli, 1997; Raven, 2000), (2) it accounts for performance in a great variety of 
intellectual tasks (Marshalek, Lohman, & Snow, 1983) , and most importantly (3) the 
cognitive processes distinguishing higher scoring and lower scoring individuals on the 
test have been extensively studied (Carpenter, Just, & Shell, 1990). In particular, two 
key determinants of performance in this test are the ability to abstract rules and the 
ability to dynamically manage a large set of problem solving goals in working 
memory. Because these mental operations are quintessential to cue abstraction but not 
to exemplar-based processing, participants’ performance on the Raven matrices should 
especially predict judgment quality in elemental task structures but not in configural 
task structures. This argument resonates with recent neuropsychological research 
indicating that the same brain circuit is underlying problem solving in the Raven 
matrices and in rule-based categorization tasks (Patalano et al., 2001; Prabhakaran et 
al., 1997).   
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It is generally recognized that individual predispositions and social contextual 
factors jointly determine cognitive processing (Beach & Mitchell, 1978; McAllister, 
Mitchell, & Beach, 1979; Payne et al. 1993). This suggests that the effect of analytical 
ability and accountability type on judgment quality in elemental task structures is 
unlikely to be independent. More specifically, because individuals with a lower 
analytical ability are less likely to engage in cue abstraction autonomously than 
individuals with a higher analytical ability, process accountability should especially 
boost cue abstraction and enhance judgment quality for individuals with a lower 
analytical ability and less so for individuals with a higher analytical ability. Similarly, 
process accountability is likely to be a sufficient social contextual cue to engender cue 
abstraction in elemental tasks regardless of analytical ability. As a result, individual 
differences in analytical ability should have stronger effects on cue abstraction, and 
judgment quality, in elemental tasks under outcome than process accountability.  
Method 
Participants and Design 
Eighty-seven undergraduate students participated in exchange for course credits (Mage 
= 21.22, SDage = 2.34), and were randomly assigned to a 2 (accountability type: process 
vs. outcome) × 2 (task structure: elemental vs. configural) between-participants design. 
Procedure 
The setup of the prediction task used in Study 2 was similar to Study 1. Popularity 
scores in the elemental task structure were again determined by a linear additive 
function of three binary cues: 
 
POPE = 1 + 5 × C1 + 3 × C2 + 1 × C3 + Random.  (Equation 8) 
 
Again, popularity scores in the configural task resulted from a quadratic 
transformation of the elemental outcomes, such that there were no consistent 
independent linear effects of cues on popularity scores: 
 
POPC = – 2/5 × (POPE)2 + 4 × POPE + Random  (Equation 9) 
 
As in Study 1, a normally and independently distributed error component 
was added to the outcome values such that the multiple correlation between cues and 
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popularity scores was around .90. The resulting outcome values were constrained 
between 0 and 10.  
After finishing the prediction task, participants completed a short version of 
Raven’s Standard Progressive Matrices Test (Raven, 1938). This test is composed of 
several visual analogy problems, each consisting of a 3 × 3 matrix, in which eight cells 
contain figural elements, and the bottom right cell is empty. The test taker is instructed 
to determine the rules that tie the cells together by looking across the rows and down 
the columns, and to select the figure that correctly completes the matrix from a set of 
eight response alternatives presented below the matrix (for an isomorph of a typical 
standard progressive matrices item, see Carpenter et al., 1990). Six matrices, increasing 
in difficulty, were selected from Set D and Set E of the test11, and were presented to 
participants on computer. The time participants received to solve the puzzles was 
constrained to 30 seconds for each of the first two matrices, 45 seconds for the third, 
and 60 seconds for puzzles 4, 5 and 6. One point was awarded per matrix that was 
solved correctly within the time limit. Hence, analytical intelligence scores could range 
from 0 to 6 (M = 2.70, SD = 1.31). 
Results and Discussion 
To verify if learning had occurred in both task structures, a repeated-measures 
analysis comparing judgment error in the first block and the last block was conducted. 
This analysis confirmed that judgment error diminished significantly over time in both 
the elemental task structure, F(1,41) = 53.08, p < .01, and the configural task structure, 
F(1,42) = 7.42, p < .01.  
The overall index of judgment quality (RMSE) was regressed on 
accountability type (process vs. outcome), task structure (elemental vs. configural), 
and analytical intelligence (mean-centered). Replicating Study 1, this analysis yielded a 
main effect of task structure, F(1,79) = 367.49, p < .0001, such that overall judgment 
quality was better in the elemental task (M = 2.61, SD = 0.47) than in the configural 
task (M = 3.41, SD = 0.28). The two-way interaction between accountability type and 
task structure was also significant, F(1,79) = 4.19, p < .05. Consistent with Study 1, 
process accountable participants (M = 2.46, SD = 0.37) were more accurate than 
outcome accountable participants (M = 2.73, SD = 0.51) in the elemental task, t(79) = -
                                                             
11 The selected matrices were: D4, D9, D11, E7, E8, E9. 
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2.33, p < .05, while there was no significant difference in judgment quality in the 
configural task, t(79) = 0.61, p > .54.  
Moreover, the two-way interaction between accountability type and task 
structure was qualified by a three-way interaction with analytical intelligence, F(1,79) 
= 4.51, p < .05. Whereas accountability type and analytical intelligence did not alter 
performance in the configural task (all ps > .45), in the elemental task a significant 
effect of accountability type emerged, F(1,39) = 3.99, p = .05, together with a marginally 
significant effect of analytical intelligence, F(1,39) = 3.52, p = .07, and a significant 
interaction between accountability type and analytical intelligence, F(1,39) = 7.05, p < 
.05. The two-way interaction between accountability type and analytical intelligence in 
the elemental task was further explored by (1) analyzing the effect of accountability 
type at low (1 SD below mean) and at high (1 SD above mean) levels of analytical 
intelligence, and (2) analyzing the effect of analytical intelligence within the outcome 
accountable and the process accountable group separately (Aiken & West, 1991). The 
first analysis revealed that, in the elemental task, process accountability instructions 
improved judgment quality for participants scoring lower on the Raven Matrices, 
F(1,39) = 12.29, p < .01, while there was no difference for participants with higher 
scores on this analytical intelligence measure, F(1,39) = 0.04, p > .84. The second 
analysis indicated that higher performance on the Raven matrices was associated with 
higher judgment quality in the elemental task within the outcome accountable group, 
F(1,22) = 8.51, p < .01, while there was no significant relation between analytical ability 
and judgment quality in the elemental task within the process accountable group, 
F(1,17) = 0.39, p > .53.  
These results, as illustrated in Figure 9, are interesting in at least two ways. 
First, we found that performance on the Raven matrices is positively related to 
judgment quality when elemental cue-outcome relations have to be learned but 
unrelated to judgment quality when configural relations have to be learned. Because 
performance on the Raven matrices reflects an individual’s ability to analytically 
abstract rules (Carpenter et al., 1990), it substantiates the idea that analytical thought in 
the form of cue abstraction is only effective for the learning of elemental, linear cue-
outcome relations (Juslin et al., 2008; Olsson et al., 2006). From a practical point of 
view, the finding that analytical intelligence is uncorrelated with performance in 
configural tasks is important because it suggests that standard psychometric 
techniques assessing analytical intelligence are only predictive with regard to the 
learning of elemental linear relations but may not tell us very much about an 
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individual’s performance in more complex, configural environments. Second, with 
regard to judgment quality in the elemental task we found (a) that process 
accountability specifically has a positive effect for participants scoring lower on the 
Raven matrices, and (b) that analytical ability specifically has a positive effect for 
participants who are held outcome accountable. This pattern of results suggests that 
process accountability and analytical ability are respectively a social contextual factor 
and an individual predisposition facilitating a very similar cognitive process that is 
adaptive in elemental tasks. 
 
 
Figure 9: Task structure by accountability type by analytical intelligence interaction effect on 
judgment error in the elemental task structure (left panel) and the configural task structure (right 
panel) in Study 2. 
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Study 3 
The previous studies established that the superiority of process over outcome 
accountability depends on the nature of the task. Specifically, we found a significant 
advantage of holding people process accountable for elemental but not for configural 
tasks. In addition, the previous studies showed that epistemic motivation as well as 
analytical intelligence are positively associated with performance in elemental but not 
configural tasks. These findings are consistent with our claims that (a) process 
accountability specifically promotes cue abstraction and (b) measures of analytical 
thinking (i.e., epistemic motivation and analytical intelligence) are associated with cue 
abstraction but not exemplar-based processing. However, the previous studies do not 
provide a direct test of these two claims because cue abstraction and exemplar-based 
processing per se were not assessed. Study 3 addresses this concern by probing 
participants’ judgment process using cognitive modeling techniques.  
In Study 3, formal representations of the cue abstraction process and the 
exemplar-based process were fitted to participants’ judgments in an elemental task 
(see Appendix A). Differences in model fit between process and outcome accountable 
participants reflect differential use of cue abstraction and exemplar memory, and can 
subsequently be employed to predict judgment quality. If cue abstraction underlies the 
difference in performance between process and outcome accountable participants in 
elemental tasks, then (a) the cue abstraction model should fit better for process 
accountable than for outcome accountable participants, (b) differences in the cue 
abstraction model fit should mediate differences in judgment quality, and (c) this 
should not be the case for the model fits of the exemplar-based model.12   
To avoid problems of overfitting (Campbell & Bolton, 2005), the judgment 
task used in the previous studies was adapted slightly. The number of cues was 
increased from three to four (yielding 16 possible EasyPhones instead of eight in the 
previous studies), and the multiple-cue learning task was divided in a training phase 
and a test phase. In the training phase, participants learned to predict the popularity of 
a subsample of 11 EasyPhones, while in the test phase all possible EasyPhones had to 
                                                             
12 Note that we did not include configural task conditions in this experiment, because there were no 
significant performance differences between process and outcome accountable participants in Studies 1 
and 2. Hence, a configural task would not lend itself to the process mediation approach in Study 3. 
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be judged. Thus, in the test phase participants were presented with EasyPhones that 
were familiar to them (i.e. EasyPhones that were also presented in the training phase) 
and EasyPhones that were new to them (i.e. EasyPhones that were presented for the 
first time in the test phase). This modification yields three non-overlapping judgment 
datasets: (1) judgments in the training phase, (2) judgments of the new EasyPhones in 
the test phase, and (3) judgments of the familiar EasyPhones in the test phase. These 
data sets were used for parameter estimation, model validation, and assessment of 
judgment quality, respectively. Parameters of the cue abstraction and the exemplar-
based model (see Appendix A) were estimated based on participants’ judgments in the 
second half of the training phase (parameter estimation sample). These parameter 
values were consequently cross-validated by predicting judgments for new 
EasyPhones in the test phase (model validation sample). Differences between process 
and outcome accountable participants in cue abstraction and exemplar-based model 
fits for the cross-validation sample reflect differential use of cue abstraction and 
exemplar-based processing. These model fit statistics were consequently used in a 
mediation analysis to explain differences in judgment quality for the familiar 
EasyPhones presented in the test phase. 
An additional goal of Study 3 was to examine how individual differences with 
respect to one of the most widely used self-report measures of rational – analytical 
thinking style relate to cue-abstraction and exemplar-based processing. Specifically, 
we administered the rationality subscale of the Rational-Experiential Inventory (Pacini 
& Epstein, 1999). This subscale consists of two sub-subscales probing (1) rational 
engagement or motivation to process analytically and (2) rational ability or capacity to 
process analytically. These sub-subscales are conceptually highly related to epistemic 
motivation (see Study 1) and analytical intelligence (see Study 2), respectively, 
allowing us to capture both components from the previous studies with a single 
measure.13  
Since its conception this scale has been validated cross-culturally (Witteman, 
van den Bercken, Claes, & Godoy, 2009; Bjorklund & Backstrom, 2008) and studied 
extensively in the context of normative versus heuristic decision making (e.g., Bartels, 
2006; Pacini & Epstein, 1999; Shiloh, Salton, & Sharabi, 2002). Despite its popularity, to 
                                                             
13 Whereas epistemic motivation was measured as a state in Study 1, the rational engagement sub-
subscale is a self-reported trait measure of epistemic motivation. Whereas analytical ability was 
assessed with an intelligence test in Study 2, the rational ability sub-subscale is a self-report measure of 
analytical ability. 
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our knowledge no research to date has related rational thinking style to cue abstraction 
and exemplar-based processing. Given our findings in Studies 1 and 2, we expected 
the rationality scale to correlate positively with cue abstraction but not with exemplar-
based processing. Thus, hinging on the idea that a rational thinking style signals an 
individual’s motivation and ability to engage in cue abstraction, and process 
accountability is a contextual factor triggering cue abstraction (cf. Study 2), we 
predicted that (a) process accountability should have a positive effect on cue 
abstraction and performance especially for participants scoring lower on the 
rationality scale, and (b) rational thinking style should be especially predictive of cue 
abstraction and performance when participants are held outcome accountable.  
Method 
Participants and Design 
Eighty-six undergraduate students (Mage = 20.96; SDage = 2.12; 43 females) were paid 
€10 to participate. Participants were randomly assigned to the process or outcome 
accountability condition of an elemental learning task. 
Procedure 
The procedure and accountability manipulation were similar to the previous studies. 
Participants learned to predict the popularity of EasyPhones that were different with 
regard to four binary features: color (red or blue), number of buttons (four or five), 
shape (flat or thick), and presence of an antenna (yes or no). The attributes of the 
EasyPhones were assigned randomly to four abstract cues related to popularity by the 
following linear, additive function: 
 
 POP = 4 × C1 + 3 × C2 + 2 × C3 + 1 × C4 + Random  (Equation 10) 
 
The random error component was drawn from a uniform distribution ranging 
from -0.5 to +0.5. The popularity scores ranged from 0 to 10. Different from the 
previous study, the learning task consisted of two phases: a training phase and a test 
phase. The training phase consisted of 110 trials in which only a subset of 11 
EasyPhones was presented. Participants received trial-by-trial outcome feedback. The 
test phase consisted of 32 trials in which participants were presented two times with 
all possible 16 EasyPhones, including the EasyPhones that were excluded in the 
training phase. In the test phase, participants were asked to give their best prediction 
 66 
for each of the EasyPhones, and received no feedback about the real popularity of the 
EasyPhones.  
Mathematical representations of the cue abstraction and the exemplar-based 
process (see Appendix A) were fitted to the judgments of each participant separately 
in the second half of the training phase. Parameter estimation for the cue abstraction 
model was done with ordinary least squares (OLS), while the Newton-Raphson 
method was used for estimating the parameters of the exemplar-based model (see 
Appendix A). Participant-specific parameters from the training phase were then used 
to predict each participant’s judgments for the completely new EasyPhones in the test 
phase. Model performance was assessed for each participant separately by the 
coefficient of determination (r2) and the root mean square error (RMSE) between 
model-based (predicted) judgments and the participant’s actual judgments.14 
Differences in model fits across participants indicate differences in cognitive 
processing. The differences in model fit were used in a mediation analysis to explain 
judgment quality. 
When finished with the prediction task, participants completed three items 
measuring how important it was for them that they would be evaluated (1 = “not 
important at all”; 10 = “extremely important”), how motivated they were to obtain a 
positive evaluation score (1 = “not motivated at all”; 10 = “extremely motivated”), and 
how well they understood the instructions (1 = “not at all”; 10 = “perfectly”). No 
differences were found between process and outcome accountable participants on 
these measures (all ps > .22), indicating that differences in general motivation cannot 
account for differences in cognitive processing and judgment quality.  
Finally, participants completed the rationality subscale of the Rational-
Experiential Inventory (Pacini & Epstein, 1999). The scale consists of 20 items and 
measures an individual’s motivation and ability to process information rationally (α = 
.86; e.g., “I enjoy intellectual challenges”, and “I am much better at figuring things out 
logically then most people.”). 
                                                             
14 Note that the model fit RMSEs should not be confused with the judgment quality RMSE. Whereas 
the former reflect differences between model-based judgments and participants’ judgments, the latter 
reflects differences between participants’ judgments and real popularity scores. Although both the r2 
and model fit RMSE measures capture slightly different aspects of the model fit (Myung, Pitt, & Kim, 
2005), the results for both goodness of fit statistics were identical and only the coefficient of 
determination will be used for exposition purposes. Statistical analyses for the untransformed and 
Fisher z transformed coefficients of determination yielded identical results. For ease of interpretation, 
we present only the results for the untransformed coefficients.  
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Results 
Judgment Quality 
The overall index of judgment quality (RMSE) was regressed on accountability type 
(process vs. outcome) and rational thinking style (mean-centered; M = 3.76; SD = 0.53). 
This analysis yielded a main effect of accountability type, F(1,82) = 9.06, p < .01, 
indicating that process accountable participants (M = 1.38, SD = 0.47) were relatively 
more accurate than outcome accountable participants (M = 1.71, SD = 0.56) in an 
elemental task (cf. Studies 1 and 2). In addition, a two-way interaction between 
accountability type and rational thinking style was observed, F(1,82) = 5.42, p < .05. 
This interaction was further explored by (1) analyzing the effect of rational thinking 
style on judgment quality for outcome accountable and process accountable 
participants separately, and (2) a spotlight analysis exploring the effect of 
accountability type at low (1 SD below the mean) and at high (1 SD above the mean) 
levels of rational thinking style (Aiken & West, 1991).  
 
Figure 10: Accountability type by rational thinking style interaction effect on judgment 
error in Study 3. 
 
 
As expected, the first analysis revealed that in an elemental task greater 
rationality is associated with an increase in judgment quality under outcome 
accountability, F(1,37) = 3.79, p = .06. The effect of rational thinking style on judgment 
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quality within the process accountable group was however not significant, F(1,45) = 
1.58, p > .21.  
Also as expected, the second analysis exposed that the effect of accountability 
type was significant at low levels of rational thinking style, F(1,82) = 14.46, p < .001, but 
not at high levels of rational thinking style, F(1,82) = 0.23, p > .63. Hence, whereas type 
of accountability in an elemental task makes little difference for people who have a 
tendency to tackle problems rationally, process accountability (vs. outcome 
accountability) instructions significantly improve performance for people with no such 
predisposition. Figure 10 illustrates this pattern of results. 
The finding that in an elemental task rationality significantly predicts 
judgment quality under outcome accountability but not under process accountability, 
in combination with the finding that process accountability especially improves 
judgment quality for low-rational people suggests that process accountability is a 
contextual factor and rationality a trait that facilitate a very similar cognitive process 
which improves judgment quality in elemental task structures. The exact nature of this 
cognitive process is explored next. 
Cue abstraction and exemplar-based processing 
Relative differences in cue abstraction and exemplar-based processing were explored 
by analyzing model fits (two r2s per participant, one indicating the extent to which the 
cue abstraction model described a participant’s popularity predictions and one 
indicating the extent to which the exemplar-based model described a participant’s 
popularity predictions). These model fits were subjected to a Mixed General Linear 
Model in which type of cognitive model (cue abstraction vs. exemplar-based) was a 
within-participants factor, accountability type (process vs. outcome) a between-
participants factor, and rational thinking style (mean-centered) a continuous predictor. 
This analysis revealed the expected three-way interaction, F(1,82) = 6.08, p < .05, which 
can be traced to a significant two-way interaction between accountability type and 
rational thinking style for the cue abstraction model fits, F(1,82) = 8.54, p < .01, and a 
non-significant two-way interaction between accountability type and rational thinking 
style for the exemplar-based model fits, F(1,82) = 0.34, p > .55. For the exemplar-based 
model fits, there were no significant effects of accountability type and rationality at all 
(all ps > .15). 
The significant two-way interaction for the cue abstraction model fits was 
further explored by (1) analyzing the effect of rationality on cue abstraction for 
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outcome accountable and process accountable participants separately, and (2) a 
spotlight analysis verifying the effect of accountability type at low (1 SD below the 
mean) and at high (1 SD above the mean) levels of rationality (Aiken & West, 1991). 
The first analysis revealed that among outcome accountable participants the cue 
abstraction model fits better for high-rationality participants, F(1,37) = 7.38, p = .01. For 
process accountable participants, there was no effect of rationality on cue abstraction 
model fits, F(1,37) = 1.20, p > .27. Thus, under outcome accountability, high-rationality 
participants relied more on cue abstraction than low-rationality participants, whereas 
under process accountability, there was no significant difference in reliance on cue 
abstraction between high- and low-rationality participants. 
The second analysis indicated that low-rationality participants who were held 
process accountable relied more on cue abstraction than low-rational participants who 
were held outcome accountable, F(1,82) = 9.63, p < .01, while there was no significant 
difference in cue abstraction between process and outcome accountable participants 
for high-rational participants, F(1,82) = 1.10, p > .29.  
In sum, this pattern of results (see Figure 11) indicates that accountability type 
and rational thinking style jointly determine cue abstraction, while they do not affect 
exemplar-based processing. Because there are no significant differences in exemplar-
based processing for different accountability types and different levels of rationality, 
exemplar-based processing cannot underlie the differences in judgment quality. 
However, the observed patterns of results for cue abstraction model fits and judgment 
quality suggest that differential reliance on cue abstraction might drive the interactive 
effect of accountability type and rationality on judgment quality. This is verified by a 
mediated moderation analysis. 
Mediated moderation analysis 
In line with the principles outlined by Muller et al. (2005) three regression models were 
estimated:  
(1): JE = β10 + β11 AT + β12 RAT + β13 AT*RAT + ε1 
 (2): CA = β20 + β21 AT + β22 RAT + β23 AT*RAT + ε2 
 (3): JE = β30 + β31 AT + β32 RAT + β33 AT*RAT + β34CA + β35CA*RAT + ε3 
As discussed above, the first regression model established that the effect of 
accountability type (AT) on judgment error (JE) is moderated by rationality (RAT; β13 ≠ 
0). The second regression model yielded a similar interaction effect on the cue 
abstraction model fits (CA; β23 ≠ 0). Crucially, the third regression model revealed a 
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significant effect of cue abstraction model fits on judgment error (β34 ≠ 0), indicating 
that higher degrees of cue abstraction are associated with lower judgment error, 
F(1,80) = 14.28, p < .01, while the interactive effect of accountability type and 
rationality turned to non-significance (β33 = 0; F(1,80) = 1.59, p > .21). Table 7 provides 
an overview of the parameter estimates and associated F statistics of the regression 
analyses. A similar analysis for exemplar-based processing revealed that model fits 
measuring exemplar-based processing were associated with lower judgment error, 
F(1,80) = 8.50, p < .01, but were unrelated to both accountability type and rationality. 
 
Figure 11: Accountability type by rational thinking style interaction effect on cue 
abstraction model fit (left panel) and exemplar-based model fit (right panel) in Study 3. 
 
 
 
 
In sum, our analyses show that (1) process accountability and rationality 
jointly predict judgment quality, (2) that this effect of process accountability and 
rationality is mediated by their effect on cue abstraction, (3) that process accountability 
and rationality do not engender exemplar-based processing, but that (4) although 
exemplar-based processing is predictive of judgment quality in elemental tasks, it does 
not explain the effects of accountability type and rationality on performance in 
elemental tasks. 
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Table 7:  Results for the mediated moderation analysis in Study 3. 
 Model 1 
DV = Judgment 
Error 
Model 2 
DV = CA 
Model 3 
DV = Judgment 
Error 
Predictors β F β F β F 
 AT -0.164 
(β11) 
9.06** 0.036 
(β21) 
2.04 -0.138 
(β31) 
6.81* 
RAT -0.074 
(β12) 
0.50 0.078 
(β22) 
2.72 -0.009 
(β32) 
0.01 
AT x RAT 0.243 
(β13) 
5.43* -0.139 
(β23) 
8.53** 0.131 
(β33) 
1.59 
CA     -0.865 
(β34) 
14.29** 
CA × RAT     -0.130 
(β35) 
0.12 
Note. AT = Accountability Type; RAT = Rational thinking style; CA = Cue Abstraction 
model fits; * p < .05; ** p < .01.  
 
3.3  General discussion 
3.3.1 Summary of findings 
The goal of this research was to examine the effect of process and outcome 
accountability (a) on cue abstraction and exemplar-based cognitive processing and (b) 
on judgment quality in elemental and configural tasks. We made two primary 
predictions. First, we predicted that process accountability (relative to outcome 
accountability) boosts cue abstraction but not exemplar-based processing. Second, 
because cue abstraction is based on knowledge about linear, elemental cue-outcome 
effects, we predicted that process accountability improves judgment quality in 
elemental tasks but not in configural tasks. Inspired by a contingency perspective on 
judgment and decision making, according to which characteristics of the social context, 
characteristics of the decision maker and characteristics of the decision problem jointly 
determine cognitive processing and judgment quality (Payne et al., 1993), we 
additionally explored the role of a decision maker’s predispositional analytical ability 
and rational thinking style. We predicted that, in addition to process accountability, 
higher analytical ability and a more rational thinking style positively influence cue 
abstraction, such that when a decision maker is held process accountable and/or has a 
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high analytical ability or rational thinking style, the abstraction of elemental cue-
outcome effects is facilitated, resulting in an improved judgment quality in elemental 
tasks only.  
 We tested these propositions in a sequence of three multiple-cue learning 
studies. Study 1 manipulated accountability type and task structure. Judgment quality 
was higher under process accountability than under outcome accountability in the 
elemental task but not in the configural task. By assessing participants’ epistemic 
motivation during the specific prediction task (i.e., a state and not a trait measure), 
Study 1 provides initial insight into the cognitive process underlying differences in 
judgment quality. Although process accountability heightens epistemic motivation 
regardless of the elemental or configural nature of the task, the increase in epistemic 
motivation only results in better judgments in the elemental task. This suggests that 
process accountability, by increasing epistemic motivation, facilitates a specific 
cognitive process that is effective in elemental but not in configural tasks. Study 2 
explored the interactive effect of accountability type, analytical intelligence and task 
structure on judgment quality. Analytical intelligence was measured by performance 
on Raven’s Standard Progressive Matrices (Raven, 1938). We found that accountability 
type and analytical ability jointly determined judgment quality in an elemental task 
but had no joint nor separate effects on judgment quality in a configural task. Because 
(1) performance on the Raven Matrices is determined by an individual’s ability to 
abstract and mentally integrate rules (Carpenter et al., 1990), and (b) analytical ability 
influenced judgment quality in interaction with accountability type in the elemental 
task, but (c) had no effect on performance in the configural task, Study 2 suggests that 
process accountability and analytical ability have a positive influence on cue-
abstraction. Study 3 examined the interactive effect of accountability type and rational 
thinking style (i.e., a trait and not a state measure) on judgment quality in an elemental 
task structure, and directly assessed cue abstraction and exemplar-based processing 
with cognitive modeling techniques. Consistent with our conceptualization we found 
that process accountability and rational thinking style stimulate cue abstraction but not 
exemplar memory, and that the boost in cue abstraction is responsible for the increase 
in judgment quality in elemental tasks. Figure 12  provides an overview of the 
theoretical framework relating the variables that were manipulated or measured in the 
different studies. 
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3.3.2 Theoretical and managerial implications 
The current research is situated at the crossroads of social psychology, management 
research, and cognitive psychology and contributes to each of these streams of 
research.  
To date, there is a consensus in the social psychological and management 
literature that in order to optimize judgment quality and performance decision makers 
should be held process accountable rather than outcome accountable. By pinpointing 
the exact nature of the cognitive process distinguishing process from outcome 
accountable decision makers, the current article shows that this insight needs to be 
qualified. In particular, our research shows that because process accountability 
promotes cue abstraction but not exemplar memory, and because cue abstraction is 
only viable in elemental tasks but not in configural tasks, the superiority of process 
over outcome accountability in terms of judgment quality is limited to tasks that 
involve the acquisition of elemental relations. This theoretical development may 
elucidate why, despite the negative effects of outcome accountability documented in 
the academic literature, outcome-based control systems are so widespread in private-
sector institutions (e.g., in salesforce management; Cravens, Ingram, LaForge, & 
Young, 1993; Challagalla & Shervani, 1996). Business problems are typically nonlinear, 
stochastic, interactive, and downright difficult (Kotler, 1971), and managerial 
judgments and solutions are often based only on the recollection of previously 
experienced cases and similarity-based reasoning processes (Dane & Pratt, 2007; 
Kolodner, 1992). Our research shows that for these types of problems, process 
accountability does not yield superior performance compared to outcome 
accountability. Future research should focus on individual predispositions and/or 
contextual factors that do facilitate exemplar-based processing and could subsequently 
improve the learning of configural relations.  
Besides fundamentally shifting the nature of the judgment task from 
elemental to configural, the presence of interactive effects of cues on outcomes also 
increases the complexity of the judgment task. This raises a question regarding the 
relative advantage of process over outcome accountability in terms of judgment 
quality in more complex, elemental tasks. For example, one could make the elemental 
task structure used in the current set of studies more complex by raising the number of 
cues determining the outcome, or by increasing the random variation in the outcome, 
or by forcing participants to make rapid judgments instead of giving them an open 
response time, and so forth. If more complex environments trigger greater reliance on 
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heuristic processing than on analytic processing, individuals may be less likely to rely 
on cue abstraction as the complexity of the task increases. This may in turn weaken the 
positive effect of process accountability on decision accuracy. Although we did not 
observe a processing advantage for outcome accountable decision makers in terms of 
exemplar memory, it is possible that outcome accountability has a positive influence 
on heuristic processing. In real-life settings it is often adaptive to rely on simple 
heuristic processing (e.g., “Take The Best” heuristic) because it outperforms more 
complex processing (e.g., multiple regression or cue abstraction) in terms of speed 
without a considerable loss in terms of accuracy (Gigerenzer & Goldstein, 1996). If 
future research shows that outcome accountability boosts heuristic processing, 
outcome accountability may in fact be desirable to optimize judgment speed and 
accuracy in real-life decision making.  
Note that in the current research we have considered the effects of holding 
decision makers either process accountable or outcome accountable on judgment 
quality. Managerially it is however possible to simultaneously hold decision makers 
both process and outcome accountable. This possibility raises several questions for 
future research. For example, is process accountability sufficient to improve judgment 
quality regardless of whether outcome accountability is imposed or does outcome 
accountability negate the positive effect of process accountability in elemental task 
structures? Could there be any synergetic effects of imposing process and outcome 
accountability in configural task structures? 
In cognitive psychology, great progress has been made in (a) defining cue 
abstraction and exemplar-based processing in terms of the cognitive operations that 
are involved (e.g., Hahn & Chater, 1998), and (b) exploring how task characteristics 
influence reliance on cue abstraction and exemplar memory (e.g., Juslin et al. 2003; 
Juslin, 2008). However, little or no research has explored how individual 
predispositions and an individual’s social context influence cue abstraction and 
exemplar memory. Our research shows that process accountability, epistemic 
motivation, analytical intelligence, and rational thinking style are positively related to 
cue abstraction, but not to exemplar-based processing. Future research should explore 
how other social contextual cues and individual predispositions relate to cue 
abstraction and exemplar-based processing. 
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Figure 12: Overview of the theoretical framework and manipulated/measured variables 
in Studies 1 – 3. 
 
 
Over the last decades, there has been a proliferation of dual-process theories 
in psychology arguing that judgments can be rational or experiential (Epstein, Lipson, 
Holstein, & Huh, 1992), systematic or heuristic (Chaiken, 1980), analytical or intuitive 
(Hammond, 1996), global or local (Navon, 1977), conscious or unconscious 
(Dijksterhuis, 2004), rule-based or associative (Sloman, 1996), based on cue abstraction 
or based on exemplars (Juslin, Karlsson, & Olsson, 2008), implicit or explicit (Reber, 
1989), etc. Our research shows that, although there are conceptual overlaps between 
these theories, there is no one-to-one mapping between the processes highlighted by 
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different theories. For instance, previous research has argued that process 
accountability facilitates systematic processing due to an increase in epistemic 
motivation whereas outcome accountability facilitates heuristic processing because it 
decreases epistemic motivation (e.g., Scholten et al., 2007). Equating systematic 
processing with cue abstraction and heuristic processing with exemplar-based 
processing would yield the prediction that process accountability facilitates cue 
abstraction and outcome accountability facilitates exemplar-based processing. Our 
research shows that this is not the case, as exemplar-based processing was found to be 
constant across accountability types. 
3.3.3 Conclusion 
The present research examined how process and outcome accountability in interaction 
with individual predispositions influence cue abstraction and exemplar memory. We 
hope that our focus on cognitive processes and contingency stimulates future research 
and understanding of how judgment quality can be improved for different people 
under difference circumstances. 
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Chapter 4. Bilingualism and the Emotional 
Intensity of Advertising Language15 
 
English is the new lingua franca. From international business to the Internet, from 
science to music, English is the language of important aspects of the social life of 
consumers around the world (Cristal 1997). Indeed, it has become commonplace for 
commentators to identify the rise of English as a world language as one of the most 
visible aspects of the process of globalization. No area of media production exemplifies 
the growing importance of the English language better than advertising. Regardless of 
their cultural heritage and native language, consumers are routinely addressed by 
large numbers of marketing messages in English. For example, in the Netherlands over 
40% of TV ads contain words in English (Gerritsen et al. 2000) and this phenomenon is 
by no means limited to Western cultures (e.g., Lee 2006). 
Calls for an increased focus on the consequences of globalization for 
consumers (e.g., Johar, Maheswaran, and Peracchio 2006) emphasize the need to 
improve current understanding of how the globalization of advertising language 
influences consumer response to advertising messages. In particular, no previous 
research has examined the emotional consequences of the use of a foreign language in 
marketing messages. Generating emotional experiences around a brand is an 
important goal of brand communication. For instance, French Connection, a British 
fashion company, adopted the acronym FCUK in all its advertising presumably in the 
belief that provocative messages such as “FCUK you!” are beneficial to the brand. The 
globalization of advertising implies that marketing messages are increasingly 
delivered in a language that is different from consumers’ native tongue. For example, 
the acronym FCUK has been advertised to consumers in over 20 countries where 
English is not an official language. This raises the question of whether and how 
language might affect consumer perceptions of ad campaigns aimed at triggering 
emotional reactions. 
                                                             
15 This chapter was published in Journal of Consumer Research. Please cite as: Puntoni, Stefano, Bart de 
Langhe, and Stijn van Osselaer (2009), “Bilingualism and the Emotional Intensity of Advertising 
Language,” Journal of Consumer Research, 35 (6), 1013-1026. 
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The field of linguistics is displaying a growing awareness of the role of 
emotional processes in bilingualism (Pavlenko 2005, 2006). Extending recent literature 
on the emotions of bilinguals, this article investigates the perceived emotionality of 
marketing messages in consumers’ native language (henceforth, L1) versus second 
language (L2). We present five experiments showing (1) that messages expressed in L1 
tend to be perceived as more emotional than messages expressed in L2; (2) that this 
effect is not uniquely due to the activation of stereotypes associated to specific 
languages or to a lack of comprehension; and (3) that the effect depends on the 
frequency with which words have been experienced in L1 versus L2 contexts. 
Together, these experiments provide support for a language-specific episodic trace 
theory of language emotionality.  
4.1 Theory 
Consumer research on bilingualism can be broadly categorized in two areas. The first 
adopts a sociolinguistic approach to examine the signaling functions of language in the 
context of ethnic minority targeting (e.g., Koslow, Shamdasani, and Touchstone 1994; 
Luna and Peracchio 2005). The second adopts a psycholinguistic approach to explore 
the information processing consequences of language (e.g., Luna and Peracchio 2001; 
Tavassoli and Lee 2003). The present investigation shares with this second stream of 
research the stress on psycholinguistic processes but differs from existing consumer 
research in its attention to emotional processes. 
4.1.1 Existing Research on the Emotions of Bilinguals 
The prediction that one’s native language possesses special emotional qualities is 
probably not surprising to any introspective bilingual. Despite the intuitive appeal of 
this prediction, the generality of the effect, and the obvious substantive implications, to 
the best of our knowledge no contribution in marketing has explored the possibility of 
systematic differences in the emotional intensity of marketing communication as a 
function of language. In other fields of inquiry, however, it is possible to find some 
evidence consistent with this intuition. 
Linguistic research using introspection, interviews, or literary analysis has in a 
number of occasions mentioned the special emotionality of one’s native language 
(Pavlenko 2005). Moreover, using both general self-reports (Dewaele 2004) and 
physiological measures (Harris, Aycicegi, and Gleason 2003), psycholinguistic research 
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on taboo words and swearwords has shown that the perceived emotional intensity of 
these highly emotional words is greatest in one’s native language. Research on code-
switching is also relevant to this discussion. In the context of social interaction, Bond 
and Lai’s (1986) participants found it easier to discuss embarrassing topics in L2 than 
in L1. Bond and Lai argue that in embarrassing situations switching to a second 
language serves a distancing function. Based on clinical case studies, Javier (1989) 
similarly concluded that during therapy sessions switching language is a coping 
mechanism for the patient.  
In these studies L1 yielded stronger emotional experiences than L2. These 
settings, however, are all characterized by a combination of extreme emotionality and 
self-relevance that makes the extrapolation to the processing of external information of 
mild emotionality questionable. In addition to the issue of the applicability of results 
on taboo words and bilingual counseling to a marketing setting, another important 
open issue is the mechanism responsible for systematic differences in language 
emotionality. 
First, as most research in the area has focused on a specific language 
comparison (often featuring the language of a “warm” culture such as Spanish or 
Turkish as L1 and English as L2), it could be argued that most of the work on which 
evidence for the emotional advantage of L1 rests is open to a possible alternative 
explanation based on the (perceived) emotionality of specific languages. If country 
stereotypes influence language emotionality (Leclerc, Schmitt, and Dubé 1994), 
evidence for the emotional advantage of L1 must be produced in a context that 
controls for this influence, for example by varying across respondents which of two 
languages is L1 versus L2 or by demonstrating moderating effects drawn from a 
theory of language emotionality. 
Moreover, it is important to demonstrate that language effects on emotionality 
cannot only be explained by differences in comprehension between L1 and L2. 
Linguistic experience is an important determinant of a person’s ability to interpret and 
appraise emotional expression (Harris 2000). For example, native speakers perform 
better than nonnative speakers when asked to identify verbal emotional expression 
(Pavlenko 2005). This is an especially important issue when shifting attention from 
single words and isolated utterances to more complex textual information such as 
advertising slogans or product descriptions. 
Recently, a number of authors have argued that differences in the relative 
emotionality of L1 and L2 must stem from differences in the context of language 
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learning and use (Altarriba 2003; Harris, Gleason, and Aycicegi 2006; Pavlenko 2005). 
For example, Dewaele (2004) showed that languages learned in an instructed context 
are associated to less intense emotional reactions than languages learned in a 
naturalistic context. Below, we propose a cognitive model of bilingual memory that 
builds on this literature and on episodic trace theories of memory. 
4.1.2 A Language-Specific Episodic Trace Theory of Language Emotionality  
Episodic trace models of memory represent one of the most influential theoretical 
traditions within cognitive psychology (Raaijmakers and Shiffrin 1992). They are 
founded upon the assumption that every experience leaves a separate episodic trace in 
memory. Consistent with nonanalytic views of cognition (Jacoby and Brooks 1984), 
these models posit that perceptual and contextual details of experiences are stored in 
memory and are integral to later perception. For example, Hintzman’s Minerva 2 
model (Hintzman 1986, 1988) suggests that each experience is stored as an array of 
elements. When a stimulus is encountered, all memory traces are activated in 
proportion to their similarity to the probing stimulus. An aggregate of all activated 
traces (i.e., an echo) is sent to working memory from long term memory. The echo may 
contain information that is not present in the stimulus, such as previously experienced 
emotions, thus associating the stimulus to past emotional experiences. For episodic 
memories to influence emotional reactions, the actual conscious retrieval of such 
episodes is not necessary. The emotional intensity resulting from the echo content 
activated by the probing stimulus is experienced as an intuitive impression or gut 
feeling (Schimmack and Reisenzein 1997; Siemer and Reisenzein 2007). 
Similarity to episodic traces 
Episodic trace theories propose that “surface” details of experiences are stored in 
memory as elements of the episodic trace. Consistent with this reasoning, it has been 
found that auditory details, like intonation contour and vocal pitch (Palmeri, 
Goldinger, and Pisoni 1993; Schacter and Church 1992), and irrelevant visual 
information, like typeface (Jacoby and Hayman 1987), are implicitly stored in long 
term memory. Hence, it seems plausible that these episodic traces also contain L1 or L2 
lexical representations depending on the language in which the event was originally 
experienced. This property of episodic memory can explain language-dependent 
recall, the finding that memories originally experienced in L1 (L2) are more accessible 
when triggered by L1 (L2) words (Marian and Kaushanskaya 2004; Marian and 
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Neisser 2000). This research stream builds on the encoding specificity principle 
(Tulving and Thomson 1973) and argues that experiences are stored in memory 
together with their linguistic context. Activating the same linguistic representation that 
was used at the time of the experience serves as a retrieval cue for memories for that 
experience. Given the centrality of emotional information in autobiographical 
memories (Bower 1981), we draw on the idea of language-dependent storage of 
autobiographical memories. For example, research has shown that individuals tend to 
express more emotional details and more intense affect when the language of the 
retrieval cue is consistent with language at encoding (Javier, Barroso, and Munoz 1993; 
Marian and Kaushanskaya 2004). Our theory embeds the principle of language-
dependent recall within a cognitive model and extends this research from the 
conscious recollection of autobiographical memories to the perception of stimuli in 
which emotionality is automatically attributed to textual information based on implicit 
language-specific activation of episodic traces stored in memory. In sum, we propose 
that textual information such as marketing slogans may function as memory probes 
which lead to the activation, and feeling, of emotions experienced before in same-
language contexts. 
Number of episodic traces 
Episodic trace theories suggest that, in general, the activation intensity of an echo is a 
positive function of the number of relevant episodic traces stored in memory 
(Hintzman 1986). Words that are encountered more often should be part of a larger 
number of episodic traces, leading to a stronger echo of emotions that have been 
experienced during these episodes. As a result, there should be a positive correlation 
between how often a word is encountered in a particular language and emotionality. 
In the context of the globalization of advertising language, the number of events 
experienced by consumers in concomitance with an L1 language context generally 
outnumbers that of events experienced in an L2 language context. Together with the 
previous property of episodic traces, this discussion therefore leads to the prediction 
that marketing communication should in general trigger stronger emotional responses 
in L1 than in L2. Moreover, our theory predicts an emotional advantage of L2 in the 
(rare) case of words that are experienced more often in L2 language contexts. 
Lexical representations 
In addition to separate storage of individual experiences (Hintzman 1986), we adopt 
the assumption of most psycholinguistic models of bilingual memory, such as the 
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Revised Hierarchical Model (Kroll and Stewart 1994), of the existence of independent 
lexical stores for L1 and L2. Lexical stores encode the lexical representation of words 
(i.e., how they are written and how they sound). Moreover, we adopt the contention of 
prior psycholinguistic literature (e.g., Kroll and Stewart 1994) that the link between the 
lexical representation of L1 and L2 words is asymmetric. Specifically, the link from L2 
words to their L1 translation is stronger than the link in the opposite direction. In other 
words, the activation of an L1 word as consequence of exposure to its L2 translation is 
greater than that of an L2 word as a consequence of exposure to its L1 translation. 
Thus, consumers may unconsciously translate L2 words into L1 words but will rarely 
do the opposite.  
 
Figure 13: Language-specific episodic trace theory of language emotionality 
 
 
 
Our model incorporates the interaction between episodic memory traces and 
lexical representations. A prediction of the theory is that the emotional intensity 
generated by L2 probes benefits to some extent from the association between the L2 
probe and its L1 translation. In other words, L2 probes activate emotional echo content 
from L2 experiences as well as emotional echo content from L1 experiences, 
proportionally to the level of activation of L1 lexical representations. As corollaries of 
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the theory, this discussion implies that (1) when the accessibility of the L1 translation is 
increased, L2 words should be perceived as more emotional and, conversely, that (2) 
when this indirect activation of L1 emotional echo content upon presentation of L2 
words is impeded, the emotional advantage of L1 should become larger. 
In sum, the language-specific episodic trace theory assumes that there are two 
routes to perceived emotionality for marketing messages. In the direct route, L1 (L2) 
words trigger episodic memory traces experienced in an L1 (L2) context. Because there 
are usually more L1 than L2 traces, marketing messages in L1 tend to be perceived as 
more emotional than in L2. In the indirect route, words presented in L2 partially 
activate the corresponding words in the L1 lexical store. Because these L1 words, in 
turn, function as probes for L1 episodic traces, L2 words can benefit to some extent 
from the emotionality of the experiences triggered by L1 words. This reduces the 
difference in the perceived emotionality of L1 and L2 words. Figure 13 presents a 
summary of the theory. 
4.2 Empirical Studies 
Study 1 
Study 1 was designed to test the prediction of the theory that advertising information 
in L1 tends to be experienced as more emotional than the same information in L2. As 
target textual information we used a series of advertising slogans. To establish the 
emotional advantage of L1 in a context that ensured its validity, we tested the effect of 
language on perceived emotionality (1) in conjunction with an assessment of an 
alternative complex appraisal (perceived originality) and (2) in a balanced bilingual 
design that varied across participants which of two target languages was L1 versus L2. 
The first aspect above was included to show that the advantage of L1 is not general to 
all complex appraisals. We chose perceived originality because it is not likely to be a 
natural part of most consumer experiences. Thus, whereas emotional content is central 
in episodic memory, most memory traces of previous experiences are unlikely to 
contain originality judgments. In other words, we predict a two-way interaction 
between language and appraisal such that L1 stimuli will be rated as more emotional 
than L2 stimuli in the absence of a similar effect of language on originality. 
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The second aspect above, varying which of two languages was L1 versus L2, 
was necessary to rule out a language-specificity explanation that haunts many studies 
on bilinguals, where the language used as L1 is different across all respondents from 
the language used as L2. We address this problem by using the same two languages 
and manipulating the role they played (L1 or L2). Specifically, we used Dutch-French 
bilinguals, exactly half of whom were French native speakers (L1) who had learned to 
speak Dutch (L2). The other half were Dutch native speakers (L1) who had learned to 
speak French (L2). Thus, any difference between the emotionality of messages in L1 
and the emotionality of messages in L2 could not be explained by, for example, the 
greater emotionality of Romance languages such as French over Germanic languages 
such as Dutch. An additional aspect of the design deserves attention. To obtain the 
cleanest test of the effect of language on emotionality, the study used trilingual 
participants. This allowed instructions and experimenter-participant interactions to 
occur in a language (English) that was different from the target languages used for the 
stimuli, hence avoiding potential asymmetric effects of these interactions across people 
with different L1s. 
Method 
Participants and Design 
The study used a 2 (language of slogans: L1 vs. L2) × 2 (type of appraisal: emotional 
intensity vs. originality) × 2 (L1: native French speakers vs. native Dutch speakers) 
mixed design, in which language of slogans and type of appraisal were within-subjects 
factors and respondents’ L1 was a between-subjects factor. In addition, the order of the 
slogans and the language sequence were counterbalanced between-subjects. The 
experiment was conducted in Brussels, the bilingual French-Dutch capital city of 
Belgium. Respondents were 64 Dutch-English-French trilinguals who participated in 
return for a small reward (for age, M = 25.48, SD = 7.06; 25 females). 
Stimuli 
The slogans had been created using as starting point American slogans unknown in 
Europe. The slogans were therefore created in English and later translated to Dutch 
and French by native Dutch and French speakers. The translated slogans were then 
checked for consistency with the English version by two independent judges. Each 
slogan was presented together with an indication of the product or service advertised 
(in English for all respondents). The slogans spanned a variety of product categories: 
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flowers (“See the face you love light up in a brilliant smile”), hotel (“When you are 
here you are family. We will leave the light on for you”), amusement park (“Where a 
kid can be a kid and the magic never ends. The happiest place on Earth”), frozen food 
(“Nothing comes closer to home. Be happy, be healthy!”), anti-drug campaign 
(“Parents who use drugs have kids who use drugs”), and construction toys (“Build 
something together with your child. You will never outgrow our toys”). The six 
slogans, together with their product category, were presented on one page. 
Two slogan orders were randomly created and two additional orders were generated 
by inverting the first two, resulting in four different slogan orders. For the language 
sequences, the same procedure was applied. The four slogan orders were then crossed 
with the four language sequences, resulting in 16 different counterbalancing 
conditions. 
Procedure 
The city of Brussels was selected as the setting for the study because of its special 
linguistic characteristics. Belgium includes four language regions: Dutch-speaking, 
French-speaking, German-speaking, and the bilingual region of Brussels. Many people 
living and working in Brussels are fluent in both French and Dutch. Participants were 
recruited in the three main subway and train stations in Brussels. Train travelers were 
addressed in English, asked what their native language was (Dutch or French), and 
asked if they were fluently trilingual (English, Dutch, French). If they indicated they 
were fluently trilingual, they were invited to participate in an international study on 
advertising slogans.  
Participants were asked to complete a booklet with instructions and questions 
in English. The second page presented six slogans, three in French and three in Dutch. 
Participants were asked to rate the emotional intensity of the slogans using a seven-
point unipolar scale (anchoring points were “unemotional” and “emotional”). The 
following page featured again the same slogans and asked participants to rate their 
perceived originality (anchoring points were “unoriginal” and “original”). We chose 
single-item measures because they allowed us to include multiple slogans and both 
emotionality and originality judgments without inducing fatigue or resistance to 
participate in a public transport setting. 
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Results 
For all participants, the emotionality and originality scores of the slogans in each 
language were averaged to form four indices. The data were subjected to a repeated-
measures ANCOVA with language of the slogan (L1 vs. L2) and type of appraisal 
(emotionality vs. originality) as within-subjects factors and respondents’ L1 as 
between-subjects factor. Gender has been shown to affect sensitivity to emotional 
information (Bloise and Johnson 2007) and this variable was therefore added as an 
additional factor. Slogan order, language sequence, and their interaction were added 
as covariates. See table 8 for means and figure 14 for a representation of the language 
by appraisal interaction. 
 
Table 8:  Cell means (and standard deviations) in Study 1. 
 L1  L2 
 French native 
speakers 
 Dutch native 
speakers 
 French native 
speakers 
 Dutch native 
speakers 
 F M  F M  F M  F M 
            
Emotional 
intensity 
4.58 4.48  4.74 4.59  4.14 4.28  4.21 4.48 
 (0.87) (0.98)  (1.24) (0.90)  (1.14) (1.08)  (0.96) (0.89) 
            
Originality 3.55 4.22  3.69 3.30  3.61 3.80  3.62 3.72 
 (1.25) (1.09)  (1.26) (1.11)  (1.40) (1.16)  (0.99) (1.20) 
            
Note. F = Females; M = Males 
 
We observed no main effect of respondents’ L1 (p > .74), a marginally 
significant main effect of language (F(1, 45) = 3.05, p < .09; ratings of L1 slogans were 
marginally higher than ratings of L2 slogans), and a significant main effect of type of 
appraisal (F(1, 45) = 45.74, p < .0001; emotionality ratings were in general higher than 
originality ratings). Crucially, the two-way interaction between language of slogans 
and type of appraisal was significant (F(1, 45) = 4.15, p < .05). This interaction was in 
the expected direction. L1 slogans (M = 4.59) were rated as more emotional than L2 
slogans (M = 4.30; F(1, 45) = 6.86, p = .01). No effect of language was observed on 
ratings of originality (p > .9; for L1, M = 3.72; for L2, M = 3.70). This two-way 
interaction was not qualified by the three-way interaction between respondent’s L1, 
language, and type of appraisal (p > .36). In particular, the mean emotional advantage 
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of L1 was 0.29 for native speakers of both French (for L1, M = 4.52, and for L2, M = 
4.23) and Dutch (M = 4.65 and 4.36, respectively). In other words, regardless of 
whether the native language of participants was French or Dutch, the emotional 
advantage of L1 was identical.  
 
Figure 14: Language by appraisal interaction in Study 1. 
 
The three-way interaction between language of the slogan, appraisal, and 
gender was marginally significant (F(1, 45) = 2.99, p < .1). The emotional advantage of 
L1 was more pronounced for women (M = 0.49) than men (M = 0.16; F(1, 45) = 5.99, p = 
.02), with no language by gender effect on originality (p > .78). Research on 
autobiographical memories suggests that females have stronger memory for emotional 
events than males (Davis 1999) and this difference might explain this marginally 
significant effect. A number of theoretically uninteresting effects related to the 
counterbalancing covariates (e.g., effects of slogan order) were also significant. 
Discussion 
In this study, Dutch-English-French trilinguals were addressed in English and rated a 
series of Dutch and French advertising slogans on emotionality and originality. Half of 
participants were L1 speakers of French and half were L1 speakers of Dutch. We 
observed a two-way interaction between language and type of appraisal such that L1 
slogans were rated as more emotional than L2 slogans, with no difference between L1 
and L2 slogans in perceived originality. The effect on emotionality confirms our 
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hypothesis. The absence of an effect on originality suggests that the L1 advantage is 
not a universal characteristic of all complex appraisals, but is due to the centrality of 
affect in episodic memory. The two-way interaction, moreover, was not qualified by a 
three-way interaction with respondent’s L1: the magnitude of the emotional advantage 
of L1 was exactly the same for Dutch and French native speakers. Thus, the L1 
advantage on emotionality could not be due to either of the languages being inherently 
more emotional. 
Study 2 
Study 1 provided a stringent test of the difference in the emotionality of L1 and L2. 
However, L1 and L2 differ in more respects than just the number of previous 
experiences in which words were paired with emotions. For example, it is possible that 
consumers often do not (completely) comprehend emotion-related words in L2. If 
words are not comprehended and do not strongly activate any specific meaning, it is 
likely that they do not generate high judgments of emotionality. If words are 
miscomprehended and activate incorrect concepts, it is likely that the activated 
concepts are not all as emotional as the ones that should have been activated, 
assuming that most slogans are chosen to be at least somewhat emotional. Thus, 
miscomprehension could lead to more moderate emotionality judgments in L2.  
Study 2 was designed to address this concern. Participants rated the perceived 
emotionality of either L1 or L2 single words. The critical feature of the study is that all 
target words are perceptually similar across language conditions and share the same 
meaning—they are cognates. Cognates (such as the English “emotional” and Dutch 
“emotioneel”) are easy to process and comprehend in L2, a phenomenon often referred 
to as the cognate facilitation effect (Costa, Caramazza, and Sebastian-Galles 2000). 
Thus, difficulty comprehending the target words is unlikely to explain differences in 
emotional intensity. 
Method 
In this study, we manipulated the language in which eight words were presented in a 
simple two-cell design. Participants were 79 undergraduate students enrolled in 
programs taught partially or completely in English at a large Dutch university. They 
were all native Dutch speakers and participated in return for course credits (for age, M 
= 19.87, SD = 1.94, 33 females). The eight words were selected based of the similarity 
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between L1 and L2. In all cases, no more than two letters differed between the L1 and 
L2 words and for all target words the L1 and L2 pronunciation matched closely. The 
L2 stimuli were: “depression,” “heroic,” “house,” “intimate,” “mother,” “poetic,” 
“relation,” and “sick.” The L1 stimuli were: “depressie,” “heroisch,” “huis,” “intiem,” 
“moeder,” “poetisch,” “relatie,” “ziek.” Participants were randomly assigned to 
condition and completed this study in individual cubicles as part of a sequence of 
unrelated experiments. The words were presented on one screen and participants were 
asked to indicate to what extent each word had emotional connotations (on a seven-
point scale, from “no emotional connotations” to “strong emotional connotations”). 
Results and discussion 
We found a significant main effect of language (F(1, 77) = 4.98, p < .05). Despite the fact 
that the L1 and L2 words were virtually identical, participants who saw the words in 
L1 (M = 4.66) indicated that the words had stronger emotional connotations than 
participants who saw the words in L2 (M = 4.33). Another model was estimated with 
gender as an additional factor. The main effect of language remained unchanged and 
the main effect of gender was significant (F(1, 75) = 4.46, p < .05; females rated the 
words as more emotional than males). The interaction between gender and language 
was however nonsignificant (p > .56). Using a different experimental paradigm, study 
2 corroborates the evidence in support of the emotional advantage of L1 and against 
an explanation purely in terms of inability to comprehend the stimuli in L2. 
Study 3 
Based on the indirect route to the emotionality of L2 words, we predicted that, when 
the L1 translation of an L2 probe is made more accessible, the emotional intensity of 
the L2 probe should benefit from the increased activation of emotional echo content 
from L1 experiences. Study 3 was designed to test the prediction that the emotionality 
of L2 words increases when the equivalent L1 word is made more accessible. In 
addition, study 3 adds to the evidence obtained in study 2 against an explanation of 
language effects on emotionality only based on comprehension differences.  
In study 3 we developed a novel experimental paradigm, which allowed 
assessing the effect of the activation of L1 versus L2 words while holding constant 
across conditions the language of the stimuli (in this study, single words presented in 
English). Instead of varying the language of presentation of target words, we exposed 
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all participants to only their L2 version and manipulated the accessibility of the L1 
representation of those L2 words. The experiment was presented as a study on the 
effect of handwriting on the evaluation of words used in advertising. Participants 
wrote down on a piece of paper a series of target English words and associations with 
those words using either their native language or English.  
In contrast to an explanation based on ability to comprehend, a multiple-trace 
episodic memory view does predict an L1 advantage in this study. When a word is 
presented and reproduced in L2, consumers are likely to follow the direct route and 
use the L2 word as an episodic memory probe. Because consumers have few emotional 
experiences stored with the L2 word in episodic memory, the emotional echo content 
will be relatively weak, leading to a moderate judgment of the word’s emotionality. 
However, if consumers are asked to translate the L2 word to L1 and to generate 
associations in L1, they are likely to use the L1 word to probe their episodic memory, 
yielding a stronger emotional echo content because more experiences were stored with 
L1 words than with L2 words. Relative to a control condition, increasing the 
accessibility of their L1 translation should therefore increase the perceived 
emotionality of L2 words. This design has the additional advantage of enabling the 
inclusion of participants with a variety of native languages, hence allowing a strong 
test of external validity. 
Method and results 
Accessibility of native language was manipulated between-subjects using two levels. 
Participants were 60 foreign undergraduate students (30 females) at a large Dutch 
university who were all nonnative English speakers. In total, 20 different native 
languages were represented in the sample (e.g., Bulgarian, Mandarin, Croatian, 
German, Indonesian, Russian, Spanish). 
The target words were 12 English words (“birthday,” “children,” “family,” 
“garden,” “loneliness,” “pain,” “party,” “play,” “relation,” “school,” “sick,” and 
“toothbrush”). They had been selected to represent a broad set of notions relating to 
everyday life (e.g., “toothbrush”) and ranging on a number of dimensions, for example 
from abstract (e.g., “loneliness”) to concrete (e.g., “garden”) and from positive (e.g., 
“play”) to negative (e.g., “pain”). For each word, participants in the high native 
language accessibility condition were asked to translate the word into their native 
language and to write down on a sheet of paper in front of them the translation 
together with three associations that the word brought to mind, also in their native 
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language. Participants in the control condition went through the same procedure, but 
instead of translating the English word to their native language, they were instructed 
to copy the English word and to write down three associations to the word in English. 
After writing down each word, the English word was presented again on the 
computer screen. Participants then rated the extent to which this L2 word had 
emotional connotations for them. Participants indicated their opinion on a scale from 1 
to 7, with 1 meaning “no emotional connotations” and 7 meaning “very strong 
emotional connotations.” 
The emotionality scores for the 12 words were averaged for each participant to 
create an emotionality index. The main effect of accessibility of native language was 
significant and in the predicted direction (F(1, 58) = 4.92, p < .05). Participants who 
wrote down the target words in their native language (M = 5.08) reported a stronger 
emotional response than participants who wrote down the words in English (M = 
4.66). The analyses were repeated adding gender as an additional factor. No coefficient 
involving gender was significant in this model (ps > .24) and the main effect of 
accessibility of native language was left unchanged. 
Discussion 
In study 3, all participants rated the emotionality of a series of English words. Before 
rating its emotionality, half were asked to write down the word in their native 
language and half in English. Consistent with a multiple-trace memory view of 
language and emotionality, we observed a significant main effect of this manipulation 
of L1 accessibility on emotionality ratings of L2 words. Because the target stimuli were 
always presented in L2, the effect in this experimental paradigm cannot be explained 
by inability to comprehend words in L2. In addition, participants in study 3 were 
citizens of a wide range of countries. This feature of the study is important because it 
allowed the inclusion of a large number of native languages, hence adding to the 
external validity of the experiment. 
Study 4 
Studies 1-3 established the emotional advantage of L1 and together demonstrated that 
an account based on comprehension or language stereotypes cannot be solely 
responsible for the emotional advantage of L1. The data are consistent with the idea 
that words in a language are stored together with emotional content in episodic 
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memory traces such that perceiving words in a language activates records of 
emotional experiences featuring those words in that language.  
If this theory is correct, the language context in which emotions tend to be 
experienced should predict the relative emotionality of L1 versus L2. If the language 
context is a key determinant of emotionality, it should be possible to reverse the effect 
of language observed in previous studies for words that are predominantly 
experienced in an L2 context. In other words, the theory predicts that, for words that 
have been encountered mostly in an L2 language context, the effect of language should 
reverse and L2 words should be perceived as more emotional than L1 words. Study 4 
was designed to test this contention. As stimuli, we used Dutch (L1) and English (L2) 
word pairs selected through a pretest. In this experiment we predict no main effect of 
language but a crossover interaction such that, for words experienced predominantly 
in L1 language contexts, the L1 words will be perceived as more emotional than their 
L2 equivalent, with the opposite holding for words experienced predominantly in L2 
language contexts. 
Method 
Participants and design 
The design of this study was a 2 (Language: L1 vs. L2) × 2 (Language context: L1 vs. 
L2) fully within-subjects design. In addition, the order of language presentation was 
manipulated between-subjects. Four counterbalancing conditions were also added to 
vary between-subjects the order in which the words were presented, leading to eight 
different versions of the booklet. Participants were 94 students at a large Dutch 
university (for age, M = 23.28, SD = 1.85, 41 females) who participated in return for a 
chocolate bar. 
Procedure 
At the end of a lecture, students were asked to fill out a booklet in which eight 
concepts were presented sequentially. For each concept, participants rated the 
emotionality of the corresponding words in L1 and in L2. For example, for the concept 
“funeral/begrafenis,” they rated the emotionality of both “funeral” and “begrafenis” 
(on a nine-point scale ranging from “not emotional at all” to “very emotional”). For 
half of participants, the L1 word preceded and for half it followed the L2 word. After 
rating all words, a final page asked participants to report if any of the L2 words were 
unfamiliar (one participant reported low familiarity on at least one word but excluding 
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data from this participant left the results unchanged), some basic demographic 
questions, and to write a short essay to guess the purpose of the study (no participant 
raised a suspicion about the purpose of the study and, in particular, none noticed the 
presence of two sets of concepts). 
Stimuli 
To select the stimuli we conducted a pretest with 50 students (for age, M = 21.38, SD = 
1.94). The pretest used a format similar to that of the main study but it asked 
participants to rate the extent to which, for a given L1/L2 word pair, the word had 
been experienced more often in an L1 or an L2 language context. Twenty-four L1/L2 
word pairs were presented sequentially (the order of the words were varied between-
subjects using four different versions of the booklet) and, for each pair, participants 
answered the following item: “how often have you encountered this concept in a 
Dutch-language context or an English-language context?” (nine-point scale, from 
“Much more often in Dutch-language contexts” to “Much more often in English-
language contexts”). The pretested concepts had been selected with the goal of 
ensuring variance in the context of language use. Although the average across all 
concepts was significantly smaller than the mid-point of the scale (hence indicating on 
average a predominantly Dutch language context, p < .0001), we observed relatively 
large variance in language context mean ratings across the 24 concepts (2.62 < M < 
6.36; SD = 1.03). The scores were ranked and the four word pairs that scored lowest (M 
= 3.10) and the four that scored highest (M = 6.00, t(49) = -12.97, p < .0001) were 
selected for the main study as, respectively, L1 and L2 language context word pairs. 
The L1 language context words are: “funeral”/“begrafenis,” “grandma”/“oma,” 
“playground”/“speeltuin,” and “resit”/“hertentamen.” The L2 language context 
words are: “airport”/“luchthaven,” “career”/“loopbaan,” “passion”/“hartstocht,” 
and “world cup”/“wereldbeker.” 
Results 
For all participants, the emotionality scores of the words in each language and 
language context were averaged to form four indices. These variables were then 
subjected to a repeated-measures ANOVA that also included the language order and 
word sequence counterbalancing factors and the interaction between them as between-
subjects factors. The main effects of language and of language contexts were 
nonsignificant (ps > .33). The two-way interaction between these factors was 
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significant and in the predicted direction (F(1, 86) = 84.03, p < .0001). See table 9 and 
figure 15. 
 
Figure 15: Language by language context interaction for emotional intensity in Study 4. 
 
 
When the language context was predominantly L1, the L1 words (M = 6.12) 
were perceived as more emotional than the L2 words (M = 5.04; F(1, 86) = 50.90, p < 
.0001). Conversely, when the language context was predominantly L2, the L1 words 
(M = 5.1) were perceived as less emotional than the L2 words (M = 6.03; F(1, 86) = 
76.35, p < .0001). At the word level, the effect of language on emotionality was 
significant and in the predicted direction for all the words in both language context 
conditions (all ps < .0001). A number of theoretically uninteresting effects related to the 
counterbalancing factors and gender (e.g., the language context by gender interaction) 
were also significant. 
 
Table 9:  Cell means (and standard deviations) in Studies 4 and 5. 
 Study 4  Study 5 
 Language context  Instructions 
Emotional 
intensity 
L1 L2  SLEMF Control 
      
L1 6.12 5.10  5.44 5.46 
 (1.11) (1.17)  (0.98) (1.11) 
      
L2 5.04 6.03  4.31 5.10 
 (1.38) (1.03)  (1.18) (1.17) 
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Study 5 
Study 5 was designed to provide additional process evidence for the theory by 
focusing on the indirect route to the emotionality of L2 words. In study 3, we showed 
that the emotionality of L2 words increases when the indirect route is facilitated. 
Likewise, the emotionality of L2 words should decrease when the indirect route is 
inhibited. Study 5 tested this prediction with a procedure similar to that of study 4 but 
relying only on words for which the context of language use is predominantly L1. 
Participants rated the emotionality of words in L1 and L2. Half were instructed to 
focus on personal experiences with each target word (i.e., experiences in L1 contexts 
for L1 words and experiences in L2 contexts for L2 words; same-language episodic 
memory focus condition). The remaining read the same instructions used in study 4 
(control condition). This instruction manipulation was designed to disentangle the 
effect of L1 and L2 memories on the subsequent word rating task. In particular, 
relative to the control condition, the same-language episodic memory focus condition 
should discourage the indirect route, reducing the perceived emotionality of L2 words 
and, as a consequence, leading to a larger emotional advantage of L1. The emotionality 
of L1 words should be unaffected by the same-language episodic memory focus, 
because the emotionality of L1 words should always be determined by L1 episodic 
memories, regardless of instructions. 
Method 
Participants and design 
The design of this experiment was a 2 (Language: L1 vs. L2) × 2 (Instructions: Same-
language episodic memory focus vs. Control) mixed design with language 
manipulated within-subjects and instructions between-subjects. As in study 4, we also 
counterbalanced between-subjects the order of language presentation and word order. 
A total of 16 different versions of a booklet were randomly distributed across 
respondents. Participants were 91 undergraduate students at a large Dutch university 
who were Dutch native speakers and fluent speakers of English (for age, M = 20.02, SD 
= 1.94, 55 males). 
Procedure 
The study took place in a behavioral lab where participants were asked to fill out a 
short booklet within a series of unrelated studies. The procedure was similar to that 
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used in study 4. Eight concepts were presented sequentially and for each of them 
participants were asked to rate the perceived emotionality of the L1 (Dutch) and L2 
(English) words. The first page included the instruction manipulation. In the control 
condition, the instructions were identical to those administered in study 4. In the 
same-language episodic memory focus condition, participants were told that 
“previous research has shown that for people who speak more than one language, 
whether a word is presented in their native language or in a foreign language can 
trigger different personal memories” and that, as a consequence, “the English and 
Dutch words presented in the following pages can bring to mind different memories.” 
They were then instructed to focus on their personal experiences with the words when 
rating them. The final page of the survey included some demographic questions and 
an open-ended prompt where participants were asked to guess the purpose of the 
study. 
To select the stimuli, we used the ratings of prevalence of L1 versus L2 context 
of language use obtained in the pre-test of study 4. To the four pairs of words used in 
study 4, we added four more by selecting the subsequent pairs in the ranked order of 
24 concepts (“farewell”/“vaarwel,” “immature”/“onvolwassen,” “sheep”/“schaap,” 
and “Sunday”/“zondag”). 
Results 
For each respondent, we calculated two scores by averaging the emotionality of the 
eight L1 and L2 words. These scores were entered in a repeated-measures ANCOVA 
with language as within-subjects factor and instructions as between-subjects factor. As 
in study 4, the counterbalancing conditions and their interaction were added as 
covariates. The results are in line with the research hypotheses (see table 9 and figure 
16). 
As predicted, we found a main effect of language (F(1, 82) = 47.91, p < .0001). 
L1 words (M = 5.45) were rated as more emotional than L2 words (M = 4.71). Follow-
up contrast analyses showed this emotional advantage of L1 over L2 to be statistically 
significant in both the control condition (F(1, 82) = 5.69, p < .05; replicating the results 
in the L1 language context condition of study 4) and the same-language episodic 
memory focus condition (F(1, 82) = 53.62, p < .0001). Importantly, we observed a 
significant language by instructions interaction (F(1, 82) = 13.30, p < .001). As 
predicted, the emotional advantage of L1 over L2 was larger when participants were 
instructed to focus on same-language episodic memories (M = 1.13) than in the control 
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condition (M = 0.36). Specifically, the significant interaction was driven by the drop in 
emotionality of L2 words in the same-language episodic memory focus condition (M = 
4.31), compared to the control condition (M = 5.10; F(1, 82) = 11, p < .01). The 
instruction manipulation did not affect scores for the L1 words (p > .85). 
 
Figure 16: Language by instructions interaction for emotional intensity in Study 5. 
 
 
As a consequence of the nature of the language by instructions interaction 
(and, in particular, of the drop in the emotionality of L2 words), the main effect of the 
instructions manipulation was also significant (F(1, 82) = 4.44, p < .05). In the same-
language episodic memory focus condition (M = 4.87) emotionality ratings were on 
average lower than in the control condition (M = 5.28). The only other significant 
coefficient in the model was the theoretically uninteresting main effect of order of 
language presentation. An alternative model was estimated including gender as an 
additional between-subjects factor. No coefficient involving this variable was however 
significant. 
The open-ended responses about the purpose of the study were analyzed to 
assess the possibility of demand effects. Unsurprisingly, given the procedure, a 
substantial minority of respondents (31 out of 91) made some sort of reference to a link 
between language and emotionality. If the moderation of instructions was a 
consequence of demand effects in the same-language episodic memory focus 
condition, we should expect references to a link between emotions and language to be 
more prevalent in this than in the control condition. Contrary to this alternative 
account, the number of such references was directionally larger in the control 
condition (18 vs. 13), although this difference was nonsignificant (p > .30; the language 
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by instructions interaction remains significant when these participants are excluded 
from the analysis). In addition, none of the participants in the same-language episodic 
memory focus referred to the same-language episodic memory focus in any way. 
Thus, it seems highly unlikely that the main effect of language and its interaction with 
same-language episodic memory focus were due to experimental demand. 
Discussion 
This experiment employed a procedure similar to that used in study 4. In this study 
we focused only on words with a predominantly L1 context of use and added a 
manipulation of the instructions to provide additional evidence for the theory. Half of 
participants were asked to focus on same-language episodic memories when rating the 
emotionality of a series of L1 and L2 word pairs. We replicated the main effect of 
language found in studies 1-3. L1 words were rated as more emotional than L2 words. 
In this study, moreover, the emotional advantage of L1 was stronger in the presence of 
instructions asking to focus on personal experiences with the L1 and L2 words. 
4.3 General discussion 
This article presented a language-specific trace theory of language emotionality that 
extends episodic trace theories (e.g., Hintzman 1986) to issues of language and 
emotional intensity. Due to the language specificity of episodic memory and the 
difference between L1 and L2 in frequency of use, the theory predicts that L1 
marketing messages generally tend to be perceived by consumers as more emotional 
than L2 marketing messages. 
Across five experiments, we found converging evidence for the theory. 
Support for the theory was found while ruling out explanations based on country 
stereotypes (study 1) and comprehension effects (studies 2-3). In addition, the 
experiments provide process insight through moderation. The effect of language on 
perceived emotionality was found to be a function of the context of language use 
(study 4) and of experimental instructions (study 5). The studies also provide strong 
evidence of external validity. In study 1, the effect of language was assessed relying on 
French/Dutch comparisons. It was also assessed using English as L2 and over 20 
different L1s (study 3) or Dutch as L1 (studies 2, 4, and 5). Dutch is the language that, 
from both syntactic and lexical points of view, is closest to English (Finegan 1987). As 
degree of language overlap determines the activation of the L1 representation in 
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processing L2 words (Sunderman and Kroll 2006), this points to an especially 
conservative test of the theory. Finally, support for the theory was found using a 
variety of stimuli. 
The language-specific episodic trace theory of language emotionality 
contributes to current understanding of the emotional intensity of language for 
bilinguals by integrating and extending psycholinguistic perspectives in this area. The 
theory draws from the Revised Hierarchical Model (Kroll and Stewart 1994) in its 
consideration of separate lexical stores for L1 and L2 and in the asymmetric 
relationship between them. The theory borrows from literature on language-
dependent recall and on the emotions of bilinguals (Altarriba 2003; Harris et al. 2006; 
Marian and Kaushanskaya 2004; Marian and Neisser 2000; Pavlenko 2005) in the 
emphasis on the role of episodic and autobiographical memories in determining the 
emotionality of L1 and L2 words. 
The theory also adds to the cognitive literature in two main ways. First, it 
adds to literature on episodic trace models by pointing out the pivotal role played by 
emotional echo content in episodic traces. Second, while this literature has exclusively 
focused on memory accessibility, we extend the application of episodic trace models to 
the issue of emotionality. As such, this theory could be useful to explore issues of 
emotionality beyond the bilingual setting. For example, the relationship between the 
frequency of using a word and emotionality should hold also in a monolingual setting.  
Furthermore, this article makes a number of contributions specific to consumer 
research. From a substantive point of view, the implication of our findings is that, 
ceteris paribus, it is generally preferable to communicate with consumers using their 
own native language, as doing so should result in more emotional messages. From a 
broader point of view, this article is the first to adopt a psycholinguistic perspective on 
the emotional consequences of the process of globalization for consumers. 
Bilingualism is a growing area in consumer research (Luna and Peracchio 2001, 2005; 
Luna, Ringberg, and Peracchio 2008; Tavassoli and Lee 2003) and the article adds a 
new dimension to this body of literature. We identify two main directions along which 
the current theorizing and findings could be extended in future research. 
4.3.1 Second-Order Consequences of Language Emotionality 
The language effects on emotionality explored in this article are likely to have 
important second-order consequences for consumer behavior. The decision making 
literature shows that affective and cognitive factors have separate influences on 
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consumer decisions (Epstein 1994; Loewenstein et al. 2001). Our findings suggest that, 
when emotional factors are important in decision making, the language in which 
options are framed may exert an important influence on product choice. For example, 
when products differ in terms of their emotional versus more cognitive benefits (e.g., 
taste experience versus health consequences in chocolate cake versus fruit salad; Shiv 
and Fedorikhin 1999), the extent to which the emotional benefits really “hit home” at 
an emotional level may depend on whether those benefits are described in L1 versus 
L2. As a result, the impact of emotional benefits relative to more cognitive benefits 
might be higher in L1 than L2. This might imply that self-control, in the sense of 
passing up an immediate emotional benefit for a longer-term cognitive benefit, might 
be more difficult in L1 than L2 contexts. 
Furthermore, Rottenstreich and Hsee (2001) showed that small probabilities of 
obtaining emotional outcomes are overweighted more than small probabilities for less 
emotional outcomes such as money. This research suggests that the curvature in 
Prospect Theory’s (Kahneman and Tversky 1979) weighting function become more 
extreme as choice outcomes are processed in a more emotional way. Our results imply 
that choice outcomes will be experienced in a more emotional manner if they are 
described in L1 than in L2. Thus, it is possible that consumers’ weighting functions 
show more curvature in consumers’ native language than in their second language. To 
the extent that non-linearity in Prospect Theory’s value function is also a function of 
emotionality (cf. Hsee and Rottenstreich 2004), a similar effect might occur with 
respect to the value function. That is, consumers may be more risk-averse for gains, 
more loss-averse, more risk-seeking for losses, and show stronger endowment effects 
in L1 than in L2. 
In sum, consumers’ decision processes might be different in L1 versus L2 
contexts. “Hot,” emotional processes might play a larger role and emotional benefits 
might weigh more heavily relative to “cold” processes and more cognitive benefits in 
consumers’ native than in their second language, yielding different preferences and 
choices. 
4.3.2 Generalizations Outside the Emotional Domain 
Whereas this paper considered the relevance of the language-specific trace theory for 
emotional appraisals, future research should explore the generality of the theory in the 
cognitive domain. For example, in line with the finding that a bilingual’s native 
language may activate more thoughts about one’s family and friends (Noriega and 
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Blair 2008), different languages may also trigger different echos of brand names and 
product categories that are routinely stored as a part of consumption episodes. For 
example, for a bilingual consumer who has drank, or seen ads, for beers in English- 
versus Dutch-language contexts, the word “beer” might activate experiences involving 
different brands of beer (e.g., Budweiser) than the word “bier” (e.g., Hertog Jan). Thus, 
different brands may be part of a consumer’s consideration set in different-language 
contexts. Future research should investigate under which circumstances this 
differential memory trace activation influences preferences and behavior (e.g., 
stimulus-based choice versus memory-based choice), and to what extent this influence 
is conscious or unconscious in nature. 
Consumers may also weight product attributes differently in L1 and L2 
contexts. For example, if in a product category, advertisements, personal 
conversations, and media coverage in one language tend to mention an attribute more 
often in one language than another, consideration of the product category would yield 
echos that highlight different attributes in different languages which should impact the 
weight of these attributes in the different languages. For example, if the word 
“yoghurt” activates episodes focusing on nutritional benefits in one language but on 
taste in another language, the same consumer is likely to place a higher weight on 
healthiness and a lower weight on taste in one language than in the other. Thus, the 
same consumer in an otherwise similar situation may buy yoghurt containing extra 
probiotics or “friendly” bacteria in one language context and a more full-flavored 
yoghurt with extra strawberries in the other language context. 
In sum, the language-specific trace theory has broad implications beyond 
emotionality. Language-specific traces of experiences should contain not only 
emotions, but also brand names, product attributes, product categories, and behaviors. 
This allows words in different languages to probe different brand names, product 
attributes, product categories, and behaviors, leading consumers to consider and 
choose different products. Whereas these predictions follow directly from the same 
theory that led to the general recommendation to advertise in consumers’ native 
language, they also suggest additional boundary conditions of the generally positive 
effect of advertising in L1. If advertising in L2 generates echos that include one’s own 
brand or that highlight attributes that are a strength of one’s own brand, advertising in 
L1 may be a mistake. 
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4.3.3 Conclusion 
Globalization is a defining social trend of our times and “one of the dominant forces in 
the psychological development of the people in the 21st century” (Arnett 2002, 781). 
The importance of this process demands that consumer researchers begin to address 
issues directly related to globalization, such as bilingualism (Johar et al. 2006). This 
article represents a step in this direction by providing insight into the consequences for 
emotional processes of the globalization of advertising language and of the increasing 
use of English in ads from countries that do not have English as their first language. 
 
 103 
Chapter 5. The Anchor Contraction Effect in 
International Marketing Research16 
 
Technological, social, and economic changes are linking an ever growing number of 
individuals around the world into complex patterns of interdependence (Dicken 2007). 
Aspects of globalization such as the growth of the Internet, the cosmopolitanism of 
large cities, and cross-national trade imply that, relative to a few decades ago, a much 
larger share of marketing research data is now collected from multilingual or 
multicultural respondents. Although marketing research agencies often translate 
surveys to respondents’ native language, there are many instances in which data are 
collected in a respondent’s second language, typically English. This raises the issue of 
whether providing responses on rating scales in one’s native (henceforth, L1) versus 
second language (L2) may exert a systematic influence on the responses obtained. In 
this article, we document the Anchor Contraction Effect (ACE) for bilinguals’ L2, 
which is the systematic tendency for individuals to report more intense emotions 
when answering questions using L2 rating scales than when using L1 rating scales. To 
underline the substantive importance of this issue, consider the following situations: 
 
- Online customer ratings are an increasingly important and visible feature of 
online retailers (Chevalier and Mayzlin 2006). For example, Amazon.com 
offers customers the possibility to rate any product using the emotional 
statements “I hate it” and “I love it.” Regardless of their native language, 
consumers around the world contribute ratings to the website and language 
(L1 vs. L2) may exert a significant influence on such ratings. 
 
- Many societies are becoming increasingly multilingual. For example, by the 
year 2025, more than half of all U.S. families with children will be 
multicultural (Anderson 2009). For governments and firms, this trend raises 
the issue of how to interpret answers to questions expressed in the country’s 
                                                             
16 This chapter was published in Journal of Marketing Research. Please cite as: de Langhe, Bart, Stefano 
Puntoni, Daniel Fernandes, and Stijn van Osselaer (2011), “The Anchor Contraction Effect in 
International Marketing Research,” Journal of Marketing Research, 48 (1), 366-380. 
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official language by ethnic minorities who are non-native speakers of that 
language (Richard and Toffoli 2009). For example, in a study by the Pew 
Research Center for the People and the Press (2001) conducted in the US, 
Hispanic respondents, many of whom are not English native speakers, 
expressed greater worry about new terrorist attacks than other respondents. 
As the survey was in English for all participants, the interpretation of this 
finding is complicated by the fact that we do not know whether it is due to 
differences in actual perceptions or to language. 
 
- Another context in which ACE is likely to play a role is customer satisfaction 
measures in hotels and other sites commonly visited by international 
travelers. For example, the emotional anchoring point “happy” is often used 
in customer satisfaction measures (e.g., Bruner, James, and Hensel 2001). In 
such cases, ACE could lead foreign visitors to express more positive opinions 
than local residents, possibly misleading managers. 
 
- Multinational corporations that operate across a large number of countries 
often adopt English as their official language (Marschan-Piekkari, Welch, and 
Welch 1999). Consider, hypothetically, that a multinational firm conducts a 
survey of its employees to assess the prevalence of work-related emotional 
distress and anxiety. The firm’s official language is English, the language in 
which the survey is expressed. Employees from both British and Spanish 
subsidiaries complete the survey with the consequence that some respondents 
answer emotional items using L1 and some using L2 rating scales. 
 
In these instances, as in many others, bilingual individuals answer questions 
probing emotional processes using L2 anchoring points. These responses are then 
compared to, or averaged with, the responses of individuals who answered the same 
questions in L1. In these situations, ACE can lead to inflated error terms or, more 
worryingly, to wrong inferences. For example, consider again the final scenario above. 
If, when the survey of employee satisfaction in the multinational firm is completed, 
results show that Spanish employees tend to report more intense aversive emotional 
states than British employees, management may decide to transfer resources from the 
personnel department of the British subsidiary to that of the Spanish subsidiary. The 
importance of ACE in this situation, however, suggests that differences in the answers 
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of Spanish and British employees may not be due to any meaningful disparity in 
working conditions, but to the fact that, differently from their British colleagues, 
Spanish respondents answered the survey using L2 rating scales. 
In the next section, we review relevant literature on measurement and on 
bilingualism to derive the central prediction that L2 rating scales yield more extreme 
responses than L1 rating scales in the case of emotion-laden items. We then present the 
findings of nine experimental studies with a total of over 1,000 respondents. The 
experimental approach allows us to (a) establish ACE, test the underlying process, and 
rule out alternative explanations, (b) examine the generalizability of ACE across a 
range of situations, measures, and response scale formats, and (c) explore managerially 
relevant and easily implementable corrective techniques. 
5.1 Theory 
Previous research has described several important factors that can explain higher or 
lower ratings in surveys. A large body of research has studied response styles, which 
reflect a person’s tendency to systematically respond to questions on some basis other 
than what they were designed to measure (Baumgartner and Steenkamp 2001). For 
example, people differ in their tendency to give extreme responses (Greenleaf 1992; 
van Rosmalen, van Herk, and Groenen 2010). In addition to individual differences, 
responses may also be systematically affected by survey characteristics. For example, 
de Jong et al. (2008) showed that extreme responding is influenced by the length of the 
questions. Also, the meaning and location of verbal labels and numeric values 
accompanying rating scales may cause differential responses to the scales 
(Baumgartner and Steenkamp 2001; Ostrom 1966; Schwarz et al. 1991; Upshaw 1965; 
Wildt and Mazis 1978). In particular, stimulus ratings are a function of the 
interpretation of the scale’s anchoring points (Ostrom 1966; Upshaw 1965). Ceteris 
paribus, more intense verbal labels on the anchoring points of a rating scale lead 
informants to move away from the ends of the scale. For example, the same level of 
experienced happiness should lead individuals to select a lower number on a seven-
point unipolar scale when the extreme anchor is worded as “ecstatic” or “overjoyed” 
than when it is worded as “pleased” or “glad.” The reason for this is that the same 
experienced happiness is lower relative to the more extreme anchor (e.g., “ecstatic”) 
than relative to the less extreme anchor (e.g., “pleased”).  
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Recent research shows that bilinguals tend to experience L1 words as more 
emotionally intense than the same words in L2 (Altarriba 2003; Harris, Gleason, and 
Aycicegi 2006; Pavlenko 2005; Puntoni, de Langhe, and van Osselaer 2009). This 
literature attributes a key role to autobiographical memories in determining the 
emotional intensity of words (Marian and Kaushanskaya 2004). Due to the language 
specificity of autobiographical memory (Marian and Neisser 2000), L1 (L2) words 
automatically trigger an emotional echo from previous L1 (L2) experiences (Puntoni et 
al. 2009). Because autobiographical memories in one’s native language are typically 
both more frequent (Puntoni et al. 2009) and more emotional (Harris et al. 2006) than 
L2 autobiographical memories, L1 stimuli tend to elicit more intense emotional 
experiences. For example, Puntoni et al. (2009) found that advertising slogans 
generated stronger emotional reactions when the slogans were expressed in L1 than in 
L2. This stream of research establishes the influence of the language of the to-be-rated 
target on its perceived emotional intensity. 
Traditional measurement theory posits that an observed score is the result of a 
true score plus a measurement error. Although prior research on bilingualism has 
demonstrated the influence of the language of the target on the true score (e.g., Harris, 
Aycicegi, and Gleason 2003; Puntoni et al. 2009), no research has examined whether 
the language of the measurement instrument introduces a systematic component into 
the error term. However, it is likely that, in addition to to-be-rated words, emotion-
related words used to anchor a scale may also be experienced as less intense when 
they are written in L2 than in L1. For example, a non-native speaker of English may 
experience emotional scale anchors such as “happy” or “sad” as less intense in English 
than in the native language. If to-be-rated stimuli are then judged relative to those (less 
vs. more intensely-experienced) anchors, we should find more extreme (i.e., less 
neutral) answers if the emotional scale anchors are in L2 than in L1. That is, our non-
native English speaker should judge the same stimulus as more intense in comparison 
to the less intensely-experienced English scale anchor (e.g., “happy”) than in 
comparison to its more intensely-experienced L1 equivalent. In sum, we predict that 
the same stimuli will be rated as emotionally less intense when the scale anchors are 
labeled in L1 than in L2. Stated differently, emotional anchoring points presented in L2 
should contract the scale relative to anchoring points presented in L1. Figure 17 
presents a schematic representation of the Anchor Contraction Effect (ACE), in the case 
of Dutch native speakers confronted with a survey in English. 
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Figure 17: Schematic representation of the anchor contraction effect for Dutch native 
speakers answering questions in English on unipolar (top panel) and bipolar scales (bottom 
panel). 
 
Note. L1RS = L1 rating scales and L2RS = L2 rating scales. (A) If the L1 label (e.g., “emotioneel”) 
is perceived by respondents as more emotional than the corresponding L2 label (e.g., 
“emotional”) then for the same experienced emotional intensity evoked by the target (in the 
figure, “x”) the score in the L1 rating scales condition (e.g., L1RS = 3) should be lower (i.e., less 
extreme) than the score in the L2 rating scales condition (e.g., L2RS = 4). (B) If the L1 negative 
label (e.g., “verdrietig”) is perceived by respondents as more intense than the corresponding L2 
label (e.g., “sad”) then for the same experienced sadness (“x”) the score in the L1 rating scales 
condition (e.g., L1RS = -2) should be higher (i.e., less extreme)  than the score in the L2 rating 
scales condition (e.g., L2RS = -3) 
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5.2 Empirical Studies 
Study 1 
Study 1 was designed to provide a first demonstration of ACE in a context that 
controls for the possible effect of language stereotypes (Leclerc, Schmitt, and Dube 
1994). If cultures (and associated languages) vary in their perceived or actual warmth 
and emotional expressiveness (Cuddy et al. 2009), emotional anchoring points in 
languages associated to more emotionally expressive cultures may be perceived as 
more intense. For example, it is possible that, due to sociolinguistic processes, unipolar 
rating scales in French (a language associated with a stereotypically hedonistic or 
expressive culture) tend to yield lower scores than rating scales in German (a language 
with a less emotional stereotype; Cuddy et al. 2009). To preclude this alternative 
explanation, Study 1 adopts a counterbalanced bilingual design that varies across 
participants which of two target languages is L1 and L2. In particular, the target 
languages were selected such that for half of respondents stereotype effects were 
conflicting with ACE and that for the remaining half these influences were instead in 
the same direction. In a taste test, we asked speakers of French and Dutch to evaluate a 
chocolate on a number of emotional dimensions using either French or Dutch unipolar 
rating scales. For half of participants, Dutch was L1 and for half French was L1. French 
has been used in previous research to generate hedonic associations (Leclerc et al. 
1994). In comparison, Germanic languages and associated cultures such as Dutch are 
typically considered less emotional (Cuddy et al. 2009). To rule out an alternative 
explanation for ACE based on sociolinguistic processes, we should observe a main 
effect of language, such that L2 rating scales lead to higher ratings of emotional 
intensity than L1 ratings, irrespective of which of the two target languages (the 
stereotypically warmer or the stereotypically colder language) is L1 and L2. 
Method 
Participants and Design 
The study used a 2 (language of the rating scales: L1 vs. L2) × 2 (native language: 
French vs. Dutch) between-participants design. Data were collected in Brussels, the 
bilingual capital city of Belgium. Participants were recruited in cafeterias on the 
campuses of Dutch- and French-speaking sister universities. All participants were 
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addressed in English to avoid asymmetric influences of the language of experimenter-
respondent interaction. Participants were 120 proficient Dutch-English-French 
trilinguals (61 Dutch native speakers, Mage = 22.74, SD = 5.58, 56 females). 
Procedure 
Participants were invited to participate in an international research project on the taste 
of chocolate. The experimenter asked participants to taste a chocolate. Next, 
respondents completed a number of questions using seven-point unipolar scales 
(numbered from 1 to 7). The booklet was first created in English and later translated by 
native Dutch and French speakers. The translated booklets were then checked for 
consistency with the English version by two independent judges. Five questions 
measured participants’ emotional responses. First, participants rated happiness, joy, 
and excitement (“The taste of this chocolate makes me feel …”; Anchoring points were 
“not at all happy”/“very happy”, “not at all joyful”/“very joyful,” and “not at all 
excited”/“very excited.”). Next, participants rated surprise and emotionality (“The 
taste of this chocolate is…”; Anchoring points were “not at all surprising”/“very 
surprising” and “not at all emotional”/“very emotional”; for the 5 items,  = .78). 
Finally, respondents provided basic demographic information, including their native 
language. 
Results 
A repeated-measures ANOVA with the five items as repeated measures and language 
of the rating scales and native language as between-participants factors yielded a 
significant main effect of language of the rating scales (F(1, 116) = 4.08, p < .05, Cohen’s 
d = .37)17. Demonstrating ACE, respondents reported more intense emotional 
experiences when using L2 (M = 3.36) than L1 rating scales (M = 3.02; see Table 1 for 
means by emotion). Critically, this effect was not qualified by a two-way interaction 
between language of the rating scales and native language (p > .66). In other words, 
the magnitude of ACE did not depend on whether the native language of the 
                                                             
17 In all studies, to calculate effect sizes we used Cohen’s d for between-group comparisons, ηp2 for 
dependent samples, and Cohen’s f2 for continuous predictors (e.g., Meyers-Levy, Zhu, and Jiang 2010). 
Language of the rating scales was manipulated between-participants in all studies, hence Cohen’s d is 
the measure of effect size for ACE in this article. According to Cohen (1992), a d of .20 represents a 
small effect size, a d of .50 represents a medium effect size, and a d of .80 represents a large effect size.  
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respondent was French or Dutch (the main effect of native language was also 
nonsignificant, p > .72).18 
Discussion 
Study 1 demonstrates ACE using a balanced bilingual design. Participants rated the 
intensity of the emotional reactions generated by tasting a chocolate higher when 
using L2 than L1 rating scales. This effect was not qualified by an interaction with 
native language (French vs. Dutch). Although we do not wish to contend that 
language stereotypes can never exert an influence, this study demonstrates that they 
alone are unable to explain our results. In addition, the balanced bilingual design in 
Study 1 shows that ACE cannot be attributed to the selection of non-equivalent words 
in the L1 versus L2 conditions (i.e., picking inherently more extreme anchor words in 
L2 than L1). 
Study 2 
The goals of Study 2 were to replicate ACE in a different setting, with a wider array of 
emotions, and to test whether ACE occurs similarly for positive and negative 
emotions. Dutch respondents were asked to rate the intensity of five positive and five 
negative emotions portrayed in an animated movie using either L1 (Dutch) or L2 
(English) rating scales. To control for the possible influence of the language of the 
target to be evaluated, we used a language-free movie. We predict higher emotional 
intensity scores when the movie is rated using L2 than L1 rating scales for both 
positive and negative emotions. 
Method 
We used a 2  2 mixed design, where language of the rating scales (L1 vs. L2) was 
manipulated between-participants and valence (positive vs. negative) within-
participant. Sixty-one students at a large Dutch university who were proficient 
speakers of English (Mage = 20.23, SD = 2.41, 19 females) participated for extra course 
                                                             
18 Other theoretically uninteresting effects involving the repeated emotion factor were significant, 
videlicet the main effect of emotion (F(4, 464) = 44.04, p < .0001) and the emotion by native language 
interaction (F(4, 464) = 3.21, p < .05). The effect of language of the rating scales was in the predicted 
direction for all items (see Table 1). 
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credit. All were enrolled in degree programs partially or entirely taught in English (the 
same population was used for Studies 3-9). Respondents first saw a short animated 
movie (Pixar’s “Presto,” approximately five minutes long) and then rated the intensity 
of ten emotions (five positive and five negative) as they were portrayed in the movie, 
using seven-point unipolar scales (numbered from 0 to 6) either in Dutch (L1) or 
English (L2). The beginning and end of the movie had been edited to hide any textual 
information. The target emotions were selected based on their relevance to the story 
and presented in random order. The negative emotions were fear, frustration, hate, 
sadness, and shame. The positive emotions were happiness, hope, love, pride, and 
surprise. 
Results 
A repeated-measures ANOVA with the average emotional intensity of the 5 positive 
and 5 negative emotions as repeated measures and language as a between-participants 
factor revealed a main effect of language (F(1, 59) = 6.96, p = .01, d = .68). Replicating 
ACE, respondents reported more intense scores when rating the movie using L2 (M = 
3.95, SD = .72) than L1 (M = 3.43, SD = .79) rating scales. This main effect was not 
qualified by an interaction between emotion valence and language (p > .46), indicating 
that the effect of language was in the same direction for positive (ML2 = 3.96, SDL2 = .86, 
and ML1 = 3.55, SDL1 = .81) and negative emotions (ML2 = 3.93, SDL2 = .87, and ML1 = 
3.32, SDL1 = 1.15, see Figure 18). 
Discussion 
Study 2 replicates ACE with a wider set of emotions, both positive and negative. We 
used English as L2 because English is the language most likely to be implicated in 
situations where ACE may represent an issue for marketing researchers. Greater 
similarity between target languages reduces the magnitude of language effects 
(Sunderman and Kroll 2006), and with the exception of Frisian, Dutch is the language 
that is closest to English (Finegan 1987). Using Dutch as L1 hence constitutes a 
conservative test of ACE. Because both positive and negative emotions were rated as 
more intense, Study 2 also shows that ACE is independent of valence.  
It is worth noting that ACE is unlikely to result from a lack of language 
proficiency in this sample. The emotional anchors were all single words that 
everybody in our participant population can easily translate. In addition, the effect 
was not weaker for those emotional anchors that are cognates (i.e., frustration-
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frustratie, hate-haat, hope-hoop) than for anchors that sound different in Dutch and 
English and that are, hence, relatively harder to process (Costa, Caramazza, and 
Sebastián-Gallés 2000). Other findings throughout this article are also irreconcilable 
with an explanation of ACE in terms of language comprehension. 
 
Figure 18: ACE for 10 specific emotions 
 
 
Instead, we argue that ACE is driven by a difference in perceived emotional 
intensity of L1 and L2 rating scale anchors. Because bilinguals perceive emotional 
anchoring points as more intense in L1 than in L2, the same emotional experience will 
be expressed with a less extreme rating in L1 than in L2. To provide initial evidence for 
this process, we invited 88 additional participants to rate the difference in emotional 
intensity between the L1 and L2 verbal representation of the 10 emotions rated in 
Study 2 (e.g., hate-haat). Ratings were expressed on a scale ranging from 0 (“no 
difference in emotional intensity at all”) to 10 (“much stronger emotional intensity in 
Dutch”). Because of the small number of emotions considered in Study 2 (N = 10), the 
nonparametric Spearman rank-order correlation was used to assess the relation 
between the L1-L2 intensity difference of the emotional anchors and the magnitude of 
ACE observed in Study 2. Consistent with our reasoning, ACE was larger for emotions 
with a larger L1-L2 intensity difference (Spearman’s rho = .73, p < .05; see Figure 19). 
 113 
Figure 19: ACE by the relative intensity advantage of the L1 emotional anchor 
 
Study 3 
Study 2 provided correlational evidence for the mechanism underlying ACE. Emotions 
that were rated as relatively more intense in L1 than L2 tended to display larger ACE. 
The goal of Study 3 was to provide further evidence for the role of the perceived 
emotional intensity of L1 versus L2 scale anchors. Specifically, the study tests whether 
the perceived emotional intensity of the anchoring points mediates the effect of 
language on ratings of a target object. A sample of Dutch participants first rated the 
emotional intensity of the expressions “feeling happy” in Dutch (L1) and English (L2). 
Subsequently, they were asked to rate the extent to which a specific ad triggered 
feelings of happiness using either an L1 or an L2 rating scale. 
Method 
One-hundred and twelve college students were recruited on campus and participated 
in two allegedly unrelated studies in return for a small reward (Mage = 21.39, SD = 3.03, 
58 females). They were randomly assigned to one of two language conditions 
(Language of the booklet: L1 vs. L2). For each participant, all materials were in one 
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language (Dutch or English), with the exception that each participant rated the 
emotional intensity of “feeling happy” (the mediator) in both L1 and L2.  
In the first part of the study, we informed participants that the expression 
“feeling happy” may be perceived as more or less intense depending on the language 
in which it is expressed (Dutch or English). All participants were then asked to rate the 
intensity of both “feeling happy” and its L1 equivalent (“gelukkig voelen”). For each of 
the two items separately, they were presented with a right-pointing arrow next to the 
to-be-rated expression marked with the words “stronger emotional experience.” To 
simplify coding, the continuous line was divided in 43 equally-spaced sections. The 
order of the two items was randomized.  
Next, an allegedly unrelated study was introduced and respondents were 
informed that advertisers often use images to deliver emotional messages and that the 
study investigated the effectiveness of images in conveying emotions. Participants 
were asked to look at an image from a real advertisement and to indicate to what 
extent the image made them feel happy. All textual cues were removed from the ad. 
Participants rated the image either in L1 or in L2 on a seven-point unipolar scale 
ranging from 0 (“not at all happy”) to 6 (“very happy”). 
Results 
To test for mediation, we estimated three regressions (Baron and Kenny 1986). First, a 
regression of the ad ratings on language of the rating scale (entered as a dummy 
variable) yielded a significant effect of language (b = .83, t(110) = 3.34, p < .01, d = .63). 
Replicating ACE, happiness ratings were higher with L2 (M = 3.60, SD = 1.31) than L1 
rating scales (M = 2.76, SD = 1.33).  
Next, we estimated a regression of the perceived emotional intensity of 
“feeling happy” (the mediator) on language. Because we could not use scale anchors 
when measuring the intensity of the scale anchors in L1 and L2, we had to control for 
heterogeneity across participants in the interpretation of the continuous-arrow 
response scale. For this purpose, perceived emotional intensity was standardized by 
dividing a participant’s rating of “feeling happy” or “gelukkig voelen” (depending on 
the experimental condition) by the average of this participant’s ratings of “feeling 
happy” and “gelukkig voelen.” Replicating the findings of Puntoni et al. (2009), we 
found a significant effect of language (b = -.11, t(110) = -3.66, p < .001, d = -.69): “feeling 
happy” (M = .94, SD = .16) was rated as less intense than “gelukkig voelen” (M = 1.05, 
SD = .16). 
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Finally, a third model regressed the ad ratings on the language of the rating 
scale and the perceived emotional intensity of the scale anchor. This model yielded a 
significant effect of the scale anchor’s perceived emotional intensity (b = -1.59, t(109) = 
-2.06, p < .05, Cohen’s f2 = .06), such that when the anchor was perceived to be more 
emotionally intense ad ratings were lower. Moreover, although the effect of rating 
scale language on the ad ratings remained significant (b = .66, t(109) = 2.52, p < .05), the 
addition of the perceived emotional intensity of the scale anchor to the model reduced 
the effect of language (from d = .63 to d = .27). A bootstrap analysis with 10,000 
bootstrap samples (Preacher and Hayes 2004) yielded a mean indirect effect of -.09. 
The 95% confidence interval ([-.19, -.01]) excludes 0, demonstrating the significance of 
this partial mediation.  
Using both moderation and mediation, Studies 2 and 3 demonstrate the role 
played by the perceived intensity of the scale anchor in ACE. These studies therefore 
provide direct evidence that ACE is indeed an Anchor Contraction Effect. 
Study 4 
The previous studies used nonverbal target stimuli in order to control for the possible 
influence of target stimulus language. However, assessing whether ACE is contingent 
on linguistic features of the to-be-rated object is important both substantively and 
theoretically. Previous research shows that L2 to-be-rated (i.e., target) stimuli (e.g., 
advertising copy) are systematically rated as less emotionally intense than L1 to-be-
rated stimuli (Puntoni et al. 2009). Thus, whereas L2 target stimuli yield less 
emotionally intense ratings than L1 target stimuli (due to a decrease in the perceived 
emotional intensity of the target itself going from L1 to L2), L2 rating scales yield more 
emotionally intense ratings than L1 rating scales (due to a decrease in the perceived 
emotional intensity of the scale anchors going from L1 to L2 and to the fact that target 
stimuli are rated relative to anchors). This raises the question whether the two effects 
are dependent or independent of each other. If ACE is driven by the perceived 
emotional intensity of scale anchors, measures of emotionality should respond in 
opposite directions to the language of to-be-rated stimuli and of anchoring points. 
Emotionality ratings should be lower when rating L2 ads than L1 ads but higher when 
rating them using L2 rating scales than L1 rating scales. In Study 4 we manipulated 
both target and rating scale language and predict for emotionality ratings two main 
effects in opposite directions. 
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In addition, Study 4 also tests the specificity of ACE to emotional items. 
According to psycholinguistic accounts for the effect of language on emotional 
intensity stressing the language-specificity of autobiographical memories (Harris et al. 
2006; Puntoni et al. 2009), the intensified response to stimuli in one’s native language 
should be restricted to salient experiential domains such as emotions. Thus, ACE 
should only occur for emotional items, but not for non-emotional assessments (e.g., 
informativeness). We also explored whether ACE occurs for quality judgments 
employing the anchoring points “bad” versus “good,” which are not unambiguously 
emotional or non-emotional. 
Method 
Design 
The experiment used a 3 (Appraisal: Emotional intensity vs. Informativeness vs. 
Quality) × 2 (Language of the ads: L1 vs. L2) × 2 (Language of the rating scales: L1 vs. 
L2) mixed design. The first two factors were manipulated within-participant and the 
third between-participants. Order of ad exposure and language sequence were 
counterbalanced by randomly varying across participants the order in which the ads 
appeared in the booklet and the sequence of L1 and L2 ads, leading to eight different 
versions of the questionnaire. 
Procedure 
Respondents were recruited on campus and participated in return for a small reward 
(N = 155, Mage = 22.21, SD = 4.19, 78 females). They were given a booklet containing a 
number of ads and were asked to rate each of them on a series of nine-point scales 
(numbered from 1 to 9). The opening ad was for all participants an ad for candies (in 
Dutch) and was included to familiarize participants with the task. For each ad, 
participants rated four items. The first three were the dependent variables. L2 positive 
anchors were “emotional,” “informative,” and “good.” The L1 equivalents 
(“emotioneel”, “informatief”, and “goed”) were highly similar cognates, making this an 
especially conservative test. The last item was perceived difficulty and was added to 
confirm that understanding of the L2 advertising copy did not play a role. Finally, 
participants were asked some demographic questions and to write an essay to guess 
the purpose of the study. 
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Stimuli 
Six print ads were produced to represent a broad spectrum of advertising appeals and 
sponsoring organizations. The ads featured a fictitious brand name as well as verbal 
and visual information and promoted a variety of products and causes (band aids, 
depression helpline, mountaineering equipment, perfume, toaster, and vitamin 
supplement). For instance, in the perfume ad the L2 text was “Caution: may increase 
heart rate and decrease inhibitions” and was accompanied by the photo of a couple. 
The ads and the booklets were initially created in English. A Dutch native speaker 
translated the materials to Dutch. The accuracy of the Dutch translation was then 
assessed by a comparison with the back-translation of the materials to English 
performed by a second Dutch native speaker. The first ad order was randomly created 
and the second was generated inverting the first one. The two language sequences 
were similarly generated. In sum, participants rated three ads with L2 (English) text 
and three with L1 (Dutch) text. Half of participants read the instruction and rating 
scales in L2 and the other half in L1. 
Results 
An examination of the essays written by participants at the end of the study revealed 
that none of them had guessed the purpose of the research. The ratings of emotional 
intensity, informativeness, and quality were jointly subjected to a repeated-measures 
ANOVA with language of the ads as an additional within-participant factor and 
language of the rating scales as a between-participants factor. We make two 
predictions for this model: (1) the two-way interaction between appraisal and 
language of the rating scales should be significant, such that ads are rated as more 
emotional when using L2 rating scales than L1 rating scales, with no such effect for 
non-emotional appraisals and (2) the two-way interaction between appraisal and 
language of the ads should be significant, such that L1 ads should be rated as more 
emotional than L2 ads, with no such effect for non-emotional appraisals. See Table 10 
and Figure 20. 
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Table 10:  Cell means (and standard deviations) in Study 4. 
 Language of the Rating Scales 
 L1  L2 
 Language of the Ads  Language of the Ads 
Appraisal L1 L2  L1 L2 
      
Emotional intensity 4.55 
(1.32) 
4.10 
(1.32) 
 4.91 
(1.23) 
4.66 
(1.27) 
      
Informational value 5.16 
(1.40) 
4.99 
(1.59) 
 5.30 
(1.31) 
5.23 
(1.32) 
      
Quality 5.23 
(1.22) 
5.22 
(1.05) 
 4.96 
(1.34) 
5.35 
(1.21) 
 
Figure 20: Appraisal by language interactions for language of the ads and language of 
the rating scales in Study 4 
 
 
The results provide support for our predictions by showing significant 
interactions between appraisal and language of the ratings scales (F(2, 306) = 3.08, p < 
.05, ηp2 = .02) and between appraisal and language of the ads (F(2, 306) = 4.94, p < .01, 
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ηp2 = .03).19 Importantly, these two-way interactions were not qualified by a three-way 
interaction between appraisal, language of the ads, and language of the rating scales 
was nonsignificant (p > .67). To explore the nature of the two-way interactions, we 
performed univariate follow-up analyses for each appraisal. 
 
Figure 21: Main effects of language of the ads and of the rating scales on emotionality in 
Study 4 
 
Emotional intensity  
Replicating ACE, the main effect of the language of the rating scales was significant 
(F(1, 153) = 9.79, p < .01, d = .36). Ads were rated as more emotional when using L2 (M 
= 4.79) than L1 rating scales (M = 4.33). Moreover, the main effect of the language of 
the ads was significant and opposite to that of the language of the rating scales (F(1, 
153) = 5.82, p < .05, ηp2 = .04). Participants rated the emotional intensity of the ads 
higher when exposed to L1 ads (M = 4.73) than L2 ads (M = 4.38, see Figure 21). The 
                                                             
19  In addition, the main effect of appraisal was significant (F(2, 306) = 22.97, p < .0001, see Table 2). 
Driven by the effect of language of the rating scales on emotionality ratings, we also found a 
marginally significant main effect of the language of the rating scales (F(1, 153) = 3.05, p < .09). No 
other effects were significant in this model. Alternative models including the ad order and language 
sequence counterbalancing factors lead to the same results. 
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interaction between the two language manipulations was nonsignificant (p > .51). In 
other words, the two language manipulations influenced emotionality ratings 
independently.  
Alternative appraisals  
The manipulations of the language of the rating scales and of the language of the ads 
did not similarly affect the other two appraisals. With one exception, none of the 
effects of language was significant at the conventional .05 level (for the critical main 
effect of the language of the rating scales, for informativeness, p > .30, and for quality, 
p > .67). We did observe a significant interaction between language of the ads and 
language of the rating scales on quality judgments (F(1, 153) = 4.06, p < .05, ηp2 = .03). 
The shape of this interaction suggests higher quality ratings when language of the ads 
and language of the rating scales match (see Table 10 and Figure 20). Finally, we found 
no differences in perceived difficulty of the ads as a function of the language 
manipulations (all ps > .44), suggesting again that L2 proficiency did not exert a major 
influence. 
Discussion 
In this study, participants rated L1 and L2 ads using either L1 or L2 rating scales. We 
predicted opposite effects of ad and scale anchor language for assessments of 
emotional intensity. As expected, we found higher emotional intensity ratings if the 
scale was labeled using words in L2 than in L1. Moreover, we observed higher 
emotionality ratings when the ads were in L1 than in L2. The latter finding extends the 
effect of language observed by Puntoni et al. (2009) for slogans and single words to the 
case of print ads. The main effect of language of the rating scales was instead not 
significant for the informativeness measure nor was there a significant effect of 
language on a rating scale assessing quality using “good” as a scale anchor, which has 
affective antecedents but does not probe emotions per se. These results may suggest 
that ACE is limited to words that directly refer to emotions or emotionality.  
Study 5 
Often, marketing researchers are interested in probing consumers’ likes and dislikes of 
market offerings. Product evaluation measures vary widely in the extent to which they 
tap into emotional concepts (Voss, Spangenberg, and Grohmann 2003). For example, a 
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commonly used measure is to ask consumers to which extent they love or hate a 
product (e.g., “I love it” vs. “I hate it”). Other commonly used product evaluation 
items are much less directly related to emotions or emotionality (e.g., “well-made” vs. 
“poorly made”). In addition, whereas in previous studies we used unipolar emotional 
scales, bipolar scales (as in the example above) are also common. For bipolar scales, 
ACE predicts more intense positive and negative ratings with L2 than L1 rating scales, 
as measured by the deviation from the scale midpoint (see Figure 17b).  
Seventy-four college students were recruited in a university cafeteria and 
participated in the study in return for a small reward (Mage = 22.52, SD = 3.90, 33 
females). They were presented with the picture of an armchair and asked to evaluate 
the product using an emotional rating scale ranging from “I hate it” (-4) to “I love it” 
(+4), and another largely non-emotional rating scale ranging from “Poorly-made” (-4) 
to “Well-made” (+4), in English (L2) or in Dutch (L1). Thus, we manipulated product 
evaluation measure within-participant and language of the rating scales between-
participants. We also counterbalanced order of the product evaluation measure across 
participants. Consistent with the emotion-specificity of ACE found in Study 4, we 
expect ACE for the former type of measure but not the latter. 
The analysis was conducted on the absolute value of the responses, which 
reflects their extremeness. We ran a repeated-measures ANOVA with the emotional 
versus non-emotional product evaluation measure as within-participant factor and 
language of the rating scales and item order as between-participants factors. As 
expected, we found a significant two-way interaction between appraisal and language 
(F(1, 70) = 6.23, p = .01, ηp2 = .08). Participants reported more intense scores for the 
emotional measure using L2 (M = 2.03, SD = 1.03) than L1 rating scales (M = 1.39, SD = 
.96, F(1, 70) = 7.48, p < .01, d = .64), whereas no significant differences were found for 
the non-emotional measure (ML2 = 1.68, SDL2 = 1.12, ML1 = 1.75, SDL1 = 1.10, p > .79). 
This interaction was not qualified by the three-way interaction with item order (p > .60; 
the main effects of language and product evaluation measure were also nonsignificant, 
ps > .15). 
This study replicates ACE for commonly used, bipolar, product evaluation 
measures using emotional labels (“I love it” vs. “I hate it”). The results confirm that 
ACE does not extend to product evaluation questions based on “colder” assessments. 
Finally, the fact that ACE obtained only for the emotional item argues against a 
comprehension account (see also Study 4). 
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Study 6 
From a substantive point of view, it is important to explore whether ACE occurs across 
a variety of response scale formats. Studies 1-4 used unipolar response scales and 
Study 5 a bipolar response scale. However, in all these studies only the end points of 
the response scales carried a verbal label, leaving the interpretation of the intermediate 
response options ambiguous. This raises the question whether ACE also occurs when 
all individual rating scale points carry verbal labels. To test this, we asked 66 
participants (Mage = 20.00, SD = 1.65, 25 females) to indicate to what extent 6 images 
from real advertisements made them feel sad or happy. Respondents were 
undergraduate students taking part in the study in exchange for course credit. We 
used a 2 (language of the rating scale: L1 vs. L2) × 2 (verbal labels: end points vs. all 
points) between-participants design with a bipolar rating scale ranging from “very 
sad” to “very happy” (numbered from -3 to +3). In the only end points labeled 
condition, these were the only verbal labels used. In the all points labeled condition, all 
response options carried a verbal label (“very sad”, “sad”, “a little bit sad”, “neither 
sad nor happy”, “a little bit happy”, “happy”, and “very happy”). An ANOVA on the 
average of the absolute values of the 6 ratings with language of the rating scale and 
verbal labels as between-participants factors yielded a significant main effect of 
language of the rating scale (F(1, 62) = 5.20, p < .05, d = .57), which was not moderated 
by the labeling of end points versus all points (p > .91). The main effect of verbal labels 
was also not significant (p > .57). Participants deviated more from the midpoint of the 
scale when using L2 (M = 1.49, SD = .43) than L1 rating scales (M = 1.23, SD = .51), 
regardless of whether all or none of the intermediate response options were specified. 
Study 7 
Another substantively important issue is whether ACE obtains when the emotion is 
not presented in the response scale itself but only in the question preceding the 
response scale. For example, in the widely used measure for emotional responses 
developed by Richins (1997), individuals rate the intensity of their emotional 
experiences in consumption situations by answering the question “To what extent did 
{situation x} make you feel {emotion y}?” on a four-point scale (“not at all”, “a little”, 
“moderately”, “strongly”). These anchoring points do not feature emotion words but 
respondents must impute the emotion label implicitly to answer the question. To 
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explore the generalizability of ACE to such settings, we asked 76 undergraduate 
students (Mage = 19.66, SD = 2.03, 32 females) after completing an experimental session 
in return for course credit to rate to what extent the session made them feel happy and 
sad using either L1 or L2 scales from 0 (“not at all”) to 6 (“very”). Replicating ACE, a 
repeated-measures ANOVA with emotion (happy vs. sad) as repeated measures and 
language of the rating scale as a between-participants factor revealed a main effect of 
language (F(1, 74) = 27.23, p < .0001, d = 1.20), in the absence of an interaction between 
language and emotion (p > .99). Participants reported higher levels of happiness (ML2 = 
4.35, SDL2 = 1.25, and ML1 = 3.51, SDL1= .72) and higher levels of sadness (ML2 = 2.43, 
SDL2 = 1.61, and ML1 = 1.59, SDL1= .85) on L2 rating scales than on L1 rating scales (the 
main effect of emotion was also significant, F(1, 74) = 83.79, p < .0001). Thus, it is 
sufficient for the emotion to be presented in the question preceding the rating scale for 
ACE to emerge.  
Study 8 
Having established ACE for a variety of emotions across a variety of response scale 
formats, an important open question pertains to what interventions might mitigate or 
eliminate ACE. In Studies 8 and 9, we explore the effectiveness of corrective 
techniques. 
Besides attending to verbal cues that communicate the meaning of the 
response options on a rating scale, respondents’ interpretation of a scale is also 
influenced by pictorial cues (e.g., Tourangeau, Couper, and Conrad 2007). The 
previous studies established that ACE stems from the greater perceived emotionality 
of L1 verbal labels. One way to mitigate the effect of language of the rating scales 
could therefore be to provide respondents with an alternative (i.e., nonverbal) basis for 
interpreting the intensity of the anchoring points. Specifically, language-free cues that 
provide additional (diagnostic) information about the emotional intensity of scale end 
points should reduce or eliminate ACE. 
In this study, we used emoticons as nonverbal cues. Emoticons are glyphs 
representing stylized facial expressions used to indicate emotions. In particular, we 
tested whether adding emoticons to scales measuring specific emotions (happiness 
and sadness) is sufficient to yield equal intensity ratings on L1 and L2 rating scales. 
Emoticons were selected for three reasons. First, facial expressions are critical tools for 
conveying emotions. Representations of facial expressions, even if highly stylized, are 
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hence likely to be powerful cues for emotional intensity (e.g., Walther and D'Addario 
2001). Second, emoticons are often used in online environments (Derks, Bos, and von 
Grumbkow 2008), where ACE is especially likely to occur. Third, from an 
implementational perspective, emoticons for a wide range of specific emotions are 
readily available for use. 
 
Figure 22: Corrective techniques used in Studies 8 and 9 
 
Respondents were 132 undergraduate students participating in the study in 
exchange for course credit (Mage = 19.87, SD = 2.07, 68 females). Participants watched 
the short animated movie from Study 2 and rated to what extent sadness and 
happiness were portrayed in the movie. Ratings were provided on two five-point 
unipolar scales ranging from “no sadness/happiness at all” to “very intense 
sadness/happiness” (numbered from 0 to 4). Participants were randomly assigned to 
the cells of a 2 (Language of the rating scales: L1 vs. L2) × 2 (Emoticons: present vs. 
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absent) × 2 (Emotion: sadness vs. happiness) mixed design, in which language of the 
rating scales and emoticons were manipulated between-participants, and emotion was 
a repeated factor. In the emoticons present condition, happy and sad emoticons were 
added to each point of the scales, with a gradual increase in emotional intensity (see 
Figure 22a). 
 A repeated-measures ANOVA with language of the rating scales and 
emoticons as between-participants factors and emotion as a within-participant factor 
(see Table 11) revealed the predicted two-way interaction between language of the 
rating scales and emoticons (F(1, 128) = 4.12, p < .05, ηp2 = .03).20 Replicating ACE, 
when no pictorial cues were present, participants provided higher ratings of emotional 
intensity when rating the items using L2 (M = 2.52) than L1 anchoring points (M = 
2.04, F(1, 128) = 7.59, p < .01, d = .70). Instead, no differences were observed between 
L2 (M = 2.21) and L1 rating scales (M = 2.22) when emoticons were added (p > .94; see 
Figure 23). This study provides evidence that the concomitant presence of nonverbal 
cues can eliminate ACE. When emoticons were added to the scale, the effect 
disappeared.  
 
Table 11:  Cell means (and standard deviations) in Studies 8 and 9. 
  Language of the Rating Scales 
Study 
(Factor) 
 
Levels 
 
L1 
 
L2 
    
8 
(Emoticons) 
Absent 2.04 
(.75) 
2.52 
(.68) 
    
 Present 
 
2.22 
(.72) 
2.21 
(.64) 
    
9 
(Colors) 
Absent 3.23 
(.70) 
3.73 
(.69) 
    
 Present 
 
3.46 
(.76) 
3.46 
(.67) 
 
                                                             
20 The three-way interaction between language of the rating scales and emoticons was nonsignificant 
(p > .32). Besides a significant main effect of emotion (F(1, 128) = 64.57, p < .0001) and a marginally 
significant main effect of language of the rating scales (F(1, 128) = 3.70, p = .06), no other effect was 
significant (ps > .14, see Table 3). 
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Figure 23: Emoticons by language interaction in Study 8 
 
Study 9 
Despite the attractive features of emoticons explored in Study 8, this corrective 
technique is not applicable to every instance in which ACE could play a role. First, not 
every emotion can be easily portrayed with emoticons. Second, general indices of 
emotional intensity (such as the one used in Study 4) are difficult to represent using 
facial expressions.  
Facial expressions are not the only possible vehicle for emotional information. 
One promising source of emotional information is color. Colors are strongly associated 
to emotions (Valdez and Mehrabian 1994), as indicated by the common association of, 
for example, red with love and anger, or of blue with depression. In this study, we test 
the effectiveness of another corrective technique based on the use of colors as cues for 
emotional intensity. Finding that simply adding color cues with increasing intensity to 
the rating scales is sufficient to eliminate ACE would be especially interesting from a 
practical point of view. 
We asked 162 undergraduate students (Mage = 19.94, SD = 1.49, 47 females), 
who participated in the study in return for course credit, to evaluate the emotionality 
of images used in real skin care advertisements. All participants were sequentially 
presented with ten images from which all textual elements were removed and were 
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asked to rate each image on a scale ranging from “not emotional at all” to “very 
emotional” (numbered from 0 to 6). Participants were randomly assigned to the cells of 
a 2 (Language of rating scale: L1 vs. L2) × 2 (Colors: present vs. absent) between-
participants design. For half of respondents, the verbal scale points (either in L1 or L2) 
were accompanied by small red circles of increasing intensity (see Figure 22b). With a 
degree of simplification, the level of arousal conveyed by a color is a function of its 
intensity (Valdez and Mehrabian 1994) and the color red is often associated with 
excitement, stimulation, and arousal (Wexner 1954). 
After averaging across the 10 ads, an ANOVA with language of the rating 
scales and colors as between-participants factors (see Table 11 and Figure 24) yielded 
the expected two-way interaction (F(1, 158) = 4.84, p < .05, d = .69). In the absence of 
color, we replicated ACE. Participants reported higher emotionality ratings with L2 (M 
= 3.73) than L1 items (M = 3.23, F(1, 158) = 9.36, p < .01, d = .71). When colors were 
added to the scale points the effect of language of the rating scales was instead 
nonsignificant (p > .96, M = 3.46 for both L1 and L2 conditions). This study 
demonstrates that nonverbal cues as simple as colors can eliminate ACE. Together, 
Studies 8 and 9 document the effectiveness of easily implementable corrective 
techniques applicable to virtually all situations in which ACE may be a concern for 
marketers. 
 
Figure 24: Color by language interaction in Study 9 
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5.3 General discussion 
One of the most remarkable events of our times is the increasing globalization of a 
wide range of economic and social phenomena. Globalization raises new important 
questions for marketing researchers. As a consequence, in recent years marketing 
scholars have started to explore areas such as information processing in bilingual 
settings (Luna and Peracchio 2001; Luna, Ringberg, and Peracchio 2008; Noriega and 
Blair 2008; Puntoni et al. 2009); cross-linguistic issues in marketing communications 
(Tavassoli and Lee 2003); cross-national logo evaluation (van der Lans et al. 2009); 
global consumer culture (Alden, Steenkamp, and Batra 2006); and cross-national 
invariance of marketing instruments (de Jong et al. 2008). We contribute to this 
growing literature by exploring the effect of using a nonnative language in marketing 
research instruments. 
In a series of studies, we provide converging evidence for the prediction that 
bilingual respondents tend to report more intense emotional experiences when using 
L2 than L1 anchoring points (see Table 12 for a summary of the studies). We termed 
this phenomenon the Anchor Contraction Effect (ACE). Studies 1-7 establish ACE by 
controlling for a number of factors. Studies 8 and 9 test two easily implementable 
corrective techniques. Across the series of studies, Cohen’s d for ACE ranged between 
.36 and 1.20. ACE can therefore be characterized as a medium-to-large effect (Cohen 
1992). The studies provide strong evidence of external validity. In Study 1, ACE was 
observed using a sample of trilingual speakers of Dutch, French, and English with 
Dutch and French as target languages. In the remaining studies, ACE was tested using 
Dutch and English as, respectively, L1 and L2. The use of English, the lingua franca of 
our time (Crystal 1997), as L2 ensures external validity. The use of Dutch, which is 
relatively close to English (Finegan 1987), as L1 provides a conservative test that 
enhances the internal validity of the findings. The effect was probed in a variety of 
settings—movie interpretation (Study 2 and 8), product evaluation (Study 5), print ad 
evaluation (Studies 3, 4, 6 and 9), evaluation of an experimental session (Study 7), and 
taste test (Study 1). We also used several dependent variables—unipolar scales for a 
range of specific emotions (Studies 1-3 and 7-8), bipolar scales for specific emotions 
(Studies 5 and 6), and general indices of emotional intensity (Studies 1, 4, and 9). In 
addition, ACE was independent of linguistic properties of the to-be-rated stimulus 
(Study 4). ACE also obtained when all points of the scale were labeled (Study 6) and 
when the emotion words had to be imputed implicitly (Study 7).  
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5.3.1 Managerial Implications 
In recent years, the amount of marketing information collected from nonnative 
speakers has greatly increased. As an example, online customer ratings for a wide 
variety of products and services are provided routinely by respondents who are not 
native speakers of the language in which the question is formulated. For instance, 
Amazon.com, a global retailer with sales in over 100 countries, asks customers to rate 
products using the emotion labels “I love it” and “I hate it.” Similarly, 
Barnesandnoble.com allows visitors from anywhere in the world to rate CDs using the 
anchoring point “emotional.”  
What steps should marketers take to control for ACE? The most appropriate 
solution is to make sure that all respondents answer items in their native language 
(Kotabe and Helsen 2004). However, providing L1 scales to all respondents can 
sometimes be too costly or impractical. It is also impossible when the number of native 
languages in the final sample cannot be predicted beforehand or when respondents 
from a large number of countries submit ratings, for example when polling the 
inhabitants of multicultural cities such as Chicago, London, or Rotterdam or when a 
global audience answers questions online. 
When the translation approach is not feasible, ACE can be accounted for a 
priori with corrective techniques. We document the effectiveness of two simple 
corrective techniques based on the concomitant presentation of verbal and nonverbal 
cues: emoticons (Study 8) and colors (Study 9). Emoticons can be used when 
measuring specific emotions, in particular basic emotions that can be easily portrayed 
with stylized facial expressions. Emoticons are also especially appropriate in online 
settings and whenever poor comprehension is a potential concern—such as in the case 
of children, low levels of L2 proficiency, or low literacy (Kotabe and Helsen 2004). 
Their ease of interpretation suggests that emoticons may be particularly useful to 
address ACE in emerging markets. Colors are instead especially suitable in the case of 
abstract or complex emotional concepts (e.g., “emotional”, “pity”), but they may be 
vulnerable to cross-cultural differences in interpretation (e.g., Roberson, Davies, and 
Davidoff 2000). Additional research is needed to explore these techniques (a) in other 
linguistic and cultural contexts; (b) across different formats (e.g., visually marking all 
points vs. only end points), colors or emoticons; and (c) across individuals (e.g., 
differences in reliance on visual vs. textual information). 
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If none of the measures to avoid ACE reviewed above were implemented at 
the time of data collection, researchers can adopt an a posteriori approach and use 
information about respondents’ L1 as a control variable (e.g., adding a dummy 
variable in regression models). The main drawback of accounting for ACE statistically 
is that it assumes the magnitude of ACE to be the same for all respondents within a 
language group. This is unlikely to be the case. For example, ACE may depend on the 
L2 proficiency of the respondent, or on the intensity and frequency of prior L2 
experiences (Harris et al. 2006; Puntoni et al. 2009). Additionally, this technique (1) 
imposes additional, and often likely impractical, burdens on data interpretation for 
firms, and (2)  it may be difficult or impossible to obtain data about respondents’ 
native language.  
5.3.2 Theoretical Implications 
This article contributes to the growing body of work on bilingualism in marketing and 
consumer research (e.g., Luna et al. 2008; Noriega and Blair 2008) by highlighting the 
importance of considering bilingualism in the context of international marketing 
research. The article also contributes to recent research on the emotions of bilinguals 
(Harris et al. 2006; Pavlenko 2005; Puntoni et al. 2009) by uncovering a novel 
consequence of the influence of language on the emotionality of textual information. In 
particular, our studies provide strong support for the notion that the effect of language 
of the rating scales on emotionality ratings is driven by a contraction of the scale range 
at the emotional scale-ends of L2 items. Our studies provide process evidence in 
support of this account (Study 2 and 3) and rule out alternative explanations, such as 
language stereotypes (Study 1) and general response tendencies (Studies 4-5). In 
addition, it is worth noting that alternative accounts based on translation issues (i.e., a 
lack of equivalence between the anchoring points used in the L1 and L2 language 
conditions) cannot explain results from a balanced bilingual design (Study 1) or from 
studies using proficient L2 speakers and simple (i.e., easy) words as anchoring 
points—especially in the case of virtually identical cognates (Studies 1, 2, 4, and 9). 
Furthermore, the findings for cognates, the interaction effects in Studies 4 and 5, and 
the perceived difficulty findings in Study 4 rule out an explanation in terms of lack of 
comprehension of L2 labels. Finally, our results cannot be explained in terms of code 
switching, or switching between languages, which has been shown to affect responses 
of bilinguals (Costa, Santesteban, and Ivanova 2006). In Studies 1, 3, and 4, there was 
equal code switching for all participants. Moreover, in Study 4 the interaction between 
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the language of the to-be-rated stimuli and of the anchoring points was not significant. 
In the remaining studies there was no code switching, because all materials were either 
in L1 or in L2 
The present studies add to the literature on response styles (e.g., Baumgartner 
and Steenkamp 2001; de Jong et al. 2008) by highlighting language (L1 vs. L2) as a 
determinant of stylistic factors, as well as the content domain (emotional vs. non-
emotional) in which this effect occurs. A setting in which these considerations are 
particularly relevant is cross-cultural research. A standard way to assess cultural 
influences is to conduct quasi-experiments and compare the answers of respondents 
with different cultural backgrounds. It is not uncommon for researchers in this area to 
administer materials in the same language to all participants. In these situations, our 
studies highlight a threat to the interpretability of data. In addition, information about 
the language used in the materials is often underreported, making it impossible to 
assess whether ACE may have played a role in the findings. Thus, we advise 
researchers interested in measuring emotional constructs across language groups to (1) 
translate the stimuli into the respondents’ native language or use one of the proposed 
corrective techniques and (2) report the language of the materials. 
More research is needed to further explore the boundaries of ACE. In 
particular, what is an emotional anchor? There is a longstanding debate in the 
literature about what is an emotion (Frijda 2000). As a result, inventories of emotions 
tend to differ in both length and content. For a list of consumption-related emotions, 
we refer to Richins (1997). A larger emotion lexicon is provided by Clore, Ortony, and 
Foss (1987). One reason for the lack of agreement on what is an emotion is that many 
words are considered emotions in some contexts but not in others (Clore et al. 1987). 
For example, in Study 4 we found that judgments of an ad on a “bad” to “good” scale 
were not affected by ACE. However, it is possible that, if we would ask about how 
respondents feel about an ad instead of judging the ad per se, ACE may arise with the 
same scale anchors. Similarly, ACE may emerge for “satisfied” in some contexts but 
not in others, depending on whether the question probes respondents’ emotional 
versus cognitive processes (e.g., “being satisfied” vs. “feeling satisfied”; Clore et al. 
1987).  
Another area for future research concerns possible individual-level 
moderators of ACE. For example, greater L2 proficiency has been shown to reduce the 
magnitude of language effects on emotional responses (Harris et al. 2006). Effect sizes 
for ACE may, hence, come down as L2 proficiency approaches that of L1. Finally, we 
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showed that ACE occurs also when emotion words are only implicitly featured in an 
anchoring point but future research should explore the relevance of ACE in other 
common response formats, such as Likert scales. 
5.3.3 Conclusion 
Already today, there are more L2 than L1 speakers of English and the number of 
nonnative English speakers will grow at a rapid pace over the coming decades (Crystal 
1997). As information technology enables more and more people to interact, the 
amount of data collected from individuals who are not native speakers of the language 
of the questions can only increase. Thus, awareness of ACE and of its remedies is 
important today and may be critical tomorrow. 
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Chapter 6. Conclusion 
 
The final chapter of this dissertation reviews the main findings of each individual 
chapter.  
In Chapter 2, we examined the effect of homoscedastic versus heteroscedastic 
uncertainty on cue-outcome learning. We find that, when variation in the outcome that 
cannot be explained by the cue is heteroscedastic rather than homoscedastic, (1) the 
perceived correlation between the cue and the outcome is more extreme and (2) 
outcome predictions in cue ranges in which the outcome is more uncertain are more 
extreme. These effects occur regardless of whether (a) unexplained variance increases 
or decreases with higher cue values, (b) the association between the cue and the 
outcome is positive or negative, (c) learning is sequential (i.e., cue-outcome pairs are 
presented one by one) or simultaneous (i.e., cue-outcome pairs are presented all at 
once), and (d) cues and outcomes are labeled as price-quality or generically as X-Y. 
Although these findings have important implications for any type of cue-outcome 
learning, for marketing the implications with respect to consumers’ price-quality 
inferences are particularly noteworthy. The price-quality association is one of the most 
studied cue-outcome associations in marketing. A typical finding in the price-quality 
literature is that consumers overestimate the relationship that exists between price and 
quality in the market place. This implies that consumers (1) think that price is a better 
predictor of quality than it really is, (2) underestimate the quality of low-priced 
brands, and (3) overestimate the quality of high-priced brands. Our research suggests 
that the prevalence of product categories in which uncertainty is heteroscedastic 
contributes to this overestimation. Chapter 2 shows that (1) price is seen as a better 
predictor of product quality when uncertainty in quality is heteroscedastic, (2) quality 
for low-priced brands is underestimated when uncertainty in quality is heteroscedastic 
and decreases with price, and (3) quality for high-priced brands is overestimated when 
uncertainty in quality is heteroscedastic and increases with price. From a managerial 
point of view, heteroscedastic uncertainty about product quality provides the 
opportunity to raise price and thereby signal a higher quality level. 
In Chapter 3, we examined the effect of process and outcome accountability 
on cue-outcome learning. To date, there is a consensus in the social psychological and 
management literature that in order to optimize judgment quality and performance 
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decision makers should be held process accountable rather than outcome accountable. 
By pinpointing the exact nature of the cognitive process distinguishing process from 
outcome accountable decision makers, the current article shows that this insight needs 
to be qualified. In particular, we find that process accountability facilitates learning of 
relatively simple, elemental cue-outcome effects but does not improve learning of 
more complex, configural cue-outcome effects. This is because process accountability 
improves an analytical rule-based cognitive process based on cue abstraction while it 
does not change a holistic process based on cue abstraction. This theoretical 
development may elucidate why, despite the negative effects of outcome 
accountability documented in the academic literature, outcome-based control systems 
are so widespread in private-sector institutions (e.g., in salesforce management). 
Business problems are typically nonlinear, stochastic, interactive, and downright 
difficult, and managerial judgments and solutions are often based only on the 
recollection of previously experienced cases and similarity-based reasoning processes. 
Our research shows that for these types of problems, process accountability does not 
yield superior performance compared to outcome accountability.  
In Chapter 4, we examined the effect of advertising in consumers’ native 
versus second language on the emotional appraisal of advertising messages. Our 
findings show that, in general, messages expressed in consumers’ native language 
tend to be perceived as more emotional than messages expressed in their second 
language. Moreover, this effect is not due to stereotypes associated with specific 
languages (e.g., Italian culture and language may generally be perceived as more 
emotional than Dutch culture and language). The effect is also not due to consumers 
having difficulty understanding the content of advertising copy in the foreign 
language. Building on associative models of memory, we propose a language-specific 
episodic trace theory explaining the emotional advantage of consumers’ native 
language. We find that this effect depends on personal memories and the language 
context in which those memories were generated. Thus, reading or hearing a word 
(unconsciously) triggers personal memories of situations in which that word played a 
role. These personal memories evoke emotions, making the words in advertisements 
feel more emotional. Because (1) consumers usually have more personal memories 
with words in their native language than in their second language and (2) memories in 
one’s native language are typically more emotional than memories in one’s second 
language, marketing messages in their native language tend to be perceived as more 
emotional. Across a series of five experiments, we found support for the theory. For 
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example, for one study we went to Brussels, the bilingual capital city of Belgium, and 
asked Dutch-French bilinguals to read a series of advertising slogans, some in Dutch 
and some in French. For half of our volunteers, the native language was French and for 
half it was Dutch. We found that, regardless of whether their native language was 
French or Dutch, native language slogans were perceived as more emotional than 
second language slogans. The implication of our findings is that, all else being equal, it 
is generally preferable to communicate with consumers using their own native 
language, as doing so should result in more emotional messages. 
Chapter 5 examined the effect of greater emotionality in consumers’ native 
language in the context of international marketing research. In an increasingly 
globalized marketplace, it is common for marketing researchers to collect data from 
respondents who are not native speakers of the language in which the questions are 
formulated, typically English. We documented the Anchor Contraction Effect (ACE), 
which is the systematic tendency among bilingual respondents to report more intense 
emotions when answering questions using rating scales in their second language. In 
other words, consumers are more likely to say that they love or hate a product or 
movie when they are asked the question in their second language than when they are 
asked in their native language. At first sight, this effect may seem to be contradicting 
the findings presented in Chapter 4. However, ACE is perfectly consistent with 
Chapter 4 because the effect stems from differences in the inherent emotional power of 
one’s first and second languages. Bilinguals perceive emotion words, including scale 
anchors, as less intense in their second language than in their native language. For 
example, scale anchors such as “love” or “hate” do not feel as strong in the second as 
in the first language. Because ratings are typically provided relative to those scale 
anchors, non-native rating scales yield more extreme ratings. What steps should 
marketers take to control for ACE? The most appropriate solution is to make sure that 
all respondents answer items in their native language. However, providing native-
language scales to all respondents can sometimes be too costly, impractical, or simply 
impossible (e.g., when polling the inhabitants of multicultural cities such as New York 
or London or when a global audience answers questions online). In these situations, 
we demonstrated that ACE can be eliminated by simply adding nonverbal cues, such 
as emoticons or colors, to scale anchors. Emoticons are especially suitable when 
measuring specific emotions (e.g., basic emotions such as happiness or sadness) and 
whenever poor comprehension is a potential concern—such as in the case of children, 
low levels of proficiency in the second language, or low literacy. Colors are instead 
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recommended in the case of abstract or complex emotional concepts (e.g., “emotional” 
or “concerned”). 
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Appendix 
Appendix A. Mathematical representation of the cognitive models estimated in 
Chapter 3 
 
Cue Abstraction Model (Juslin et al., 2008; Olsson et al., 2006) 
The cue abstraction process can be formally represented by a multiple linear regression 
model in which the regression parameters bI represent the weights attached to each cue 
(CI). The predicted outcome (ô) is based on summing the weighted cue values:  
 
ô = a + b1 × C1 + …+ bI × CI (A.1) 
 
Two constraints are imposed on the parameters of the cue abstraction model. 
First, the sum of the linear weights (Σ bI) should be equal to the range of possible 
outcome values. The outcome values in Study 3 are bounded between 0 and 10, 
yielding a range of 10. Second, the intercept a is constrained such that: 
 
a = .5 × (10 - Σ bI)  (A.2) 
 
This restriction is imposed because it reduces the number of parameters of the 
cue abstraction model from 5 to 4, which makes it more easily comparable to the 
exemplar-based model that also contains 4 parameters. The parameters of the cue 
abstraction model are estimated with ordinary least squares based on the judgments of 
participants in the second half of the training phase.  
 
Exemplar-Based model 
The exemplar-based process is modeled by the context model (Medin & Schaffer, 1978) 
applied to a situation with continuous outcome values (Juslin et al., 2008; Juslin et al., 
2003; Olsson et al., 2006). The predicted outcome (ô) is the average of the outcome 
values (on) of previously encountered exemplars, in which the outcomes are weighted 
according to their similarity (Sn) to the stimulus to be judged:  
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The similarity (Sn) is obtained by the multiplicative e similarity rule of the 
original context model21 (Medin & Schaffer, 1978): 
 
I
i
in dS
1
  (A.4) 
 
where index di equals 1 if both exemplars coincide on feature i, and si if they deviate. 
The 4 similarity parameters (si) lie in the interval [0, 1] and capture the impact of 
deviating features on the overall similarity Sn. The closer si is to 1, the less important 
the feature is for determining the similarity between the exemplars. The similarity 
parameters are obtained with the Newton-Raphson algorithm for maximum likelihood 
estimation based on the judgments of participants in the second half of the training 
phase. 
 
 
 
 
 
 
 
 
 
 
 
                                                             
21 In case of binary-valued stimulus dimensions, the multiplicative similarity rule of the original 
context model is a special case of the multidimensional scaling solution proposed by the Generalized 
Context Model (Nosofsky, 1986). 
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Summary (English) 
Chapter 2 
Consumers typically overestimate the association that exists between price and quality 
in the marketplace. We show that one of the underlying reasons for this 
overestimation lies in the heteroscedastic nature of the price-quality relationship found 
in many product categories. The price-quality relationship in a product category can 
be characterized as heteroscedastic (homoscedastic) if the amount of unexplained 
variation in quality is different (constant) in different price segments. That is, in 
heteroscedastic product categories there is more uncertainty about product quality in 
some price segments than in others, while in homoscedastic product categories 
uncertainty about product quality is constant in all price segments. In a sequence of 
studies we show that, compared to a homoscedastic environment with the same 
overall correlation, (a) the perceived correlation in heteroscedastic environments is 
stronger and (b) outcome expectations are more extreme. When the price-quality 
relationship is positive and uncertainty about quality is heteroscedastic and increasing 
(i.e., quality becomes more variable as price increases), quality is predicted accurately 
in the low price range but overestimated in the high price range. When the price-
quality relationship is positive and uncertainty about quality is heteroscedastic and 
decreasing (i.e., quality becomes less variable as price increases), quality is predicted 
accurately in the high price range but underestimated in the low price range. Further 
demonstrating the managerial importance of accounting for the type of uncertainty, 
we show that the homo- versus heteroscedastic nature of the price-quality relationship 
systematically affects value-for-money assessments. 
Chapter 3 
This chapter challenges the view that it is always better to hold decision makers 
accountable for their decision process rather than their decision outcomes. In three 
multiple-cue judgment studies, we show that process accountability, relative to 
outcome accountability, consistently improves judgment quality in relatively simple 
elemental tasks. However, this performance advantage of process accountability does 
not generalize to more complex configural tasks. This is because process accountability 
improves an analytical process based on cue abstraction, while it does not change a 
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holistic process based on exemplar memory. Cue abstraction is only effective in 
elemental tasks (in which outcomes are a linear additive combination of cues) but not 
in configural tasks (in which outcomes depend on interactions between the cues). In 
addition, Studies 2 and 3 show that the extent to which process and outcome 
accountability affect judgment quality depends on individual differences in analytical 
intelligence and rational thinking style.  
Chapter 4 
This research contributes to current understanding of language effects in advertising 
by uncovering a previously ignored mechanism shaping consumer response to an 
increasingly globalized marketplace. We propose a language-specific episodic trace 
theory of language emotionality to explain how language influences the perceived 
emotionality of marketing communications. Five experiments with bilingual 
consumers show (1) that textual information (e.g., marketing slogans) expressed in 
consumers’ native language tend to be perceived as more emotional than messages 
expressed in their second language; (2) that this effect is not uniquely due to the 
activation of stereotypes associated to specific languages or to a lack of 
comprehension; and (3) that the effect depends on the frequency with which words 
have been experienced in native- versus second-language contexts. 
Chapter 5 
In an increasingly globalized marketplace, it is common for marketing researchers to 
collect data from respondents who are not native speakers of the language in which 
the questions are formulated. Examples include online customer ratings and internal 
marketing initiatives in multinationals. This raises the issue of whether providing 
responses on rating scales in one’s native versus second language exerts a systematic 
influence on the responses obtained. This article documents the Anchor Contraction 
Effect (ACE), the systematic tendency to report more intense emotions when 
answering questions using rating scales in a non-native language than in the native 
language. Nine studies (a) establish ACE, test the underlying process, and rule out 
alternative explanations, (b) examine the generalizability of ACE across a range of 
situations, measures, and response scale formats, and (c) explore managerially relevant 
and easily implementable corrective techniques..  
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Summary (Dutch) 
Chapter 2 
Consumenten overschatten vaak de sterkte van het verband tussen prijs en kwaliteit in 
de marktplaats. Wij tonen aan dat de heteroscedastische aard van de prijs-kwaliteit 
relatie in vele product categorieën een van de onderliggende redenen voor deze 
overschatting is. De prijs-kwaliteit relatie in een product categorie kan getypeerd 
worden als heteroscedastisch (homoscedastisch) als de onverklaarde variatie in 
kwaliteit verschillend (constant) is in andere prijssegmenten. Met andere woorden, in 
heteroscedastische product categorieën is er meer onzekerheid over de kwaliteit van 
producten in sommige prijssegmenten dan in andere, terwijl in homoscedastische 
product categorieën onzekerheid constant is in verschillende prijssegmenten. In een 
opeenvolging van studies tonen wij aan dat, in vergelijking met een homoscedastische 
omgeving met dezelfde correlatie, (a) de gepercipieerde correlatie in 
heteroscedastische omgevingen sterker is en (b) verwachtingen over de uitkomst (i.e., 
kwaliteit) meer extreem zijn. Als de prijs-kwaliteit relatie positief is en onzekerheid 
over kwaliteit heteroscedastisch en stijgend is (i.e., kwaliteit wordt meer variabel als de 
prijs stijgt) wordt kwaliteit accuraat voorspeld in het laagste prijssegment maar 
overschat in het hoogste prijssegment. Als de prijs-kwaliteit relatie positief is en 
onzekerheid over kwaliteit heteroscedastisch en dalend is (i.e., kwaliteit wordt minder 
variabel als de prijs stijgt) wordt kwaliteit accuraat voorspeld in het hoogste 
prijssegment maar onderschat in het laagste prijssegment. We illustreren verder het 
belang van rekening te houden met het type van onzekerheid door aan te tonen dat de 
homo- versus heteroscedastische aard van de prijs-kwaliteit relatie een systematische 
invloed heeft op value-for-money inschattingen.        
Chapter 3 
Dit hoofdstuk zet de aanname onder druk dat het altijd beter is om besluitvormers 
verantwoordelijk te houden voor hun beslissingsproces in plaats van enkel voor de 
uitkomsten van hun beslissingen. In drie multiple-cue leerstudies tonen we aan dat 
verantwoordelijkheid voor het beslissingsproces, relatief ten op zichte van 
verantwoordelijkheid voor de beslissingsuitkomtsten, een consistent positief effect 
heeft op de beslissingskwaliteit in relatief eenvoudige elementaire taken. Dit voordeel 
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van verantwoordlijkheid voor het beslissingsproces is echter niet veralgemeenbaar 
naar complexe configurele taken. Dit is omdat verantwoordelijkheid voor het 
beslissingsproces een analytisch cognitief proces verbetert dat gebaseerd is op het 
abstraheren van cue-outcome relaties, terwijl het geen effect heeft op een holistisch 
cognitief proces gebaseerd op memorisatie van specifieke exemplars. Het abstraheren 
van cue-outcome relaties is enkel effectief in elementaire taken (waarbij uitkomsten 
een lineair additieve combinatie zijn van cues) maar niet in configurele taken (waarbij 
uitkomsten afhangen van interacties tussen cues). Studies 2 en 3 tonen aan dat de mate 
waarin verantwoordelijkheid voor het proces versus de uitkomst van invloed is op de 
beslissingskwaliteit afhangt van inter-individuele verschillen in analytische 
intelligentie en rationele denkstijl. 
Chapter 4 
Dit onderzoek draagt bij aan ons begrip over de effecten van taal in reclame. Wij 
stellen een taal-specifieke episodische spoor theorie voor om te verklaren hoe taal de 
gepercipieerde emotionaliteit van marketing boodschappen beïnvloed. Vijf 
experimenten met tweetalige consumenten tonen aan (1) dat textuele informatie (e.g., 
marketing slogans) in de moedertaal van consumenten worden gepercipieerd als meer 
emotioneel intens dan boodschappen in de tweede taal van consumenten; (2) dat dit 
effect niet enkel te verklaren valt door de activatie van stereotypes die geassocieerd 
zijn met specifieke talen of door een gebrek aan begrip; en (3) dat het effect afhangt 
van de frequentie waarmee men woorden ervaren heeft in een context waarin de 
modertaal dan wel de tweede taal gebruikt werd.  
Chapter 5 
In een steeds toenemend globaliserende marktplaats komt het vaak voor dat 
marktonderzoekers data verzamelen van respondenten die de taal waarin de vragen 
worden geformuleerd niet als moedertaal hebben. Voorbeelden hiervan zijn online 
beoordelingen van consumenten en interne marketing initiatieven van multinationals. 
Dit roept de vraag op of het beantwoorden van vragen op antwoordschalen in 
iemands moedertaal versus tweede taal een systematisch effect heeft op de verkregen 
antwoorden. Dit artkel introduceert het Anker Contractie Effect (ACE), de 
systematische tendens om meer intense emoties te rapporteren op antwoordschalen in 
de moedertaal dan in de tweede taal. In negen studies (a) tonen we ACE aan, testen we 
het onderliggende proces, en verwerpen we alternatieve verklaringen, (b) 
onderzoeken we de veralgemeenbaarheid van ACE in verschillende situaties, voor 
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verschillende metingen, en verschillende types van antwoordschalen, en (c) exploreren 
we technieken die gemakkelijk aangewend kunnen worden om te corrigeren voor 
ACE. 
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LEARNING NUMERICAL AND EMOTIONAL ASSOCIATIONS IN AN UNCERTAIN WORLD
The ability to learn about the relation or covariation between events happening in the
world is probably the most critical aspect of human cognition. This dissertation examines
how the human mind learns numerical and emotional relations and explores consequences
for managerial and consumer decision making. 
First, we study how uncertainty in the environment affects covariation learning and
explore the consequences for consumers’ price-quality inferences and product valuation.
Second, we examine how different types of accountability (process versus outcome) and
analytical intelligence affect learning and judgment. We highlight the implications for
employee performance management. Third, building on associative models of memory, we
show that bilingual consumers perceive advertising messages in their native language (L1)
to be more emotionally intense than advertising messages in their second language (L2).
Finally, we explore the consequences of a greater perceived emotionality in L1 for
international marketing research.
The practical implications of this dissertation are of interest for professionals working
in the area of pricing, branding, marketing research, and human resources. From a
theoretical point of view, this dissertation relates to the fields of judgment and decision
making under uncertainty and cognitive psychology.
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